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(71) 


Applicant: 






Sumitomo Ehlektrilt Indastriz, LTD (JP) 
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(73) 


Proprietor: 






Sumitomo EhleWrik Indastriz, LTD (JP) 



(54) SUPERCONDUCTIVE CABLE WIRE 

(57) Abstract: 

FIELD: eledilcal engineering. SUBSTANCE: 
proposed flexible oxide superconductive 
cable wire showing less losses with 
alternating cun^nt is composed of 
belt-shaped multiconductor superconductive 
wires. Each wire has certain number of cores 
composed of oxiae superconductor and coated 
with stabilizing metal applied on frame 
along spiral. Superconductive wires are 
applied on frame with bending tension not 
higher than 3 0%. While applied on frame 
specified number of multiconductor 
superconductive wires are wound on core 
closely one to another to form first layer. 
Then insulation layer is laid on first 
layer. Insulation layer may be formed by 
insulating tape. Specified number of 
belt-shaped superconductive multiconductor 
wires Is put on insulation layer one 



adjacent to another to form second layer. 
Insulation layer is capable of reduction of 
A C. losses If frame is composed of metal 
basically than it will be preferable to lay 
insulation layer between frame and 
multiconductor superconductive wires. 
EFFECT: diminished AC losses. 16 cl, 15 dwg 
,2tbi 
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OnMCAHME M30BPETEH M5^ K nATEHT Y POCCMP^CKOI^ OEflEPA UMkI 



(21), (22)3a;iBKa: 94037952/07, 19. 10. 1994 



(46) flara ny6.nHKaL^MM; 20.1 2.1997 



(71) 3afiBMrenb: 

I CyMMTDMO 3jiein-pMK MHflacrpvia, JlTfl (JP) 

(72) HaoepeTarenb: flsaH t|>yn3MKaMM[JP]. 
HoByxupo CM6yTa[JP]. KeHi*TH CaTO[JP], L|yKycH 
Xapa[JP], XHfleo Mcmh[JP] 

(73) naTSHTooeraflaTenb: 

CyMWTOMo 3/ieKTpHK HHflacrpwa, JITfl (JP) 



(54) CBEPXnPOBOflfllMHi^ KABEJlbHblfi RPOBOfl (BAPMAHTbl) 



(57) F 

MonorbSoBaHiie: fln^i nsroToaneHnfl 
OBepxnpoBOflflLnero Ka6ens. CymHOCTb 
nsoepeTawnH: qTo6bi nonyquTb rw6KMii OKcuflHbii^ 
CBepxnpoBOflSLUUM Ka6enbHbiPi npoeofl. 
□SjiaflaiOLi^nt^ weHbujMMM norepswn Ha 
nepeweHHOM toko, neHToo6pa3Hbie 
MHoio^MjihHhie cuepxnpoBOflflinne npoBonoKM, 
Ka>(<flafl n3 KOTopbix coflepwuT HeKoropoe 
KonnHecTBO >Knn, aacTowinnx no cymecTBy U3 
QKcuflHoro CBepxnpoBOAHMKa, noKpbiTbix 

CTa6MnM3HpyK3LmiM MeTanflOM, HaiViaTblBaiOTCW 

no cnnpann Ha ruSKniS Kapirac. 
CBepxnpoBOARinne npoBonoKH 
npeflnoHTurenbho HaMaTbrnaroTca na KapKac npn 
HanpjiKeHMM narnSa ne ebiiue 0,3%. Hpn 
HaMOT[<e Ha Kapicac sajiaHHoe mmcho 
neHTOoBpaaHhix MHorojKunbHhix 
CBepxnpoBOflsu^Mx npoaonoK HaMSTbiaaeTcsi Ha 
cepfleHHUK aruioTHyio flpyr k flpyry, <-iTD6bi 
oSpaaosaTb nepsbiR cnoi^. SareM Ha stot 
nepBbifi cnoPi vioiaflbiBaeTca MaonsL^MOHHbiM 
cnavi. HaonnmioHHbiH cnoH (20) Mo>KeT 6biTb 



oBpaaoBaH na HsonfmnoHHoR nembi. SsflaHHoe 
Hucno neHTooBpasHbix CBepxnpoBOflHinnx 
MHoroxcunbHbix npoBOJioK HawaTbiBaeTcn na 
n3ojnnL(noHHbii^ cfioS annoTHyio flpyr k flpyry, 
moBhi oBpaaosaTb STopoii cnoii MaonnLinoHMbiii 
cnoM cnocoSeH sHujKaib norepn npoeofla na 
nepBMeHHOM tokb. Ecnn KapKao coctomt no 
oymecTBy M3 weranra, 6onee npeAnoHTurenbHO 
flenatb n30jiflL(M0HHbiCi croCi Me>Kay KapKacoM n 

MHDro>KHnbHblMH CBepXnpOBOflflll^HMM 

npoBonoKaMM. 2 c. n 16 3. n. cp-nbi, 15 nn., 2 
Ta6n. 
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flaHHoe M30DpeTeHne 
CBepxnpOBOfljiiuero KaSenbHoro npoBOfla, b 
KOTopoM npuMSHneTcq oKcuflHbiii 
ceepxnpoBOflHUK, n, b MacTHocTH, KacaercH 
rn5Koro npoeofla, KoropbiB Mo>KeT BbiTb 
HcnojibaoBaH b CBepxnpoBOflflinew KaSene, 

OKCHflHblt^ CBepxnpOBOflHMK, [COTOpbiti 

OTaHOBMTcn ceepxnpoBOflFiujUM npn 
TeMnepaiypa >KMflKoro aaoia, npeflHasHaMeH 
ATifl npuMeHeHMH b cBepxnpoBOfl;iLi(eM Ka6ene c 
oxna)KneHneM >KHflKHM aaoroM, Flpn 
ocyiu,ecTBJieHni/; npuMSHeHns bo3mo)kho 
oflHospeweHHo ynpocTHTb cucTewy renjioBoi^ 
aainnThi w cnn3i/iTb pacxoflbi Ha oxnax^nsHwe no 
cpaBHeHnio c MerannnMecKUM 

oeepxnpoBOflflinnM KaSenew, KOTopbii^ a 
HacTOflnee apewfl TpeByer floporocTOfluj,ero 
>KHflKoro rejinH 

CaepxnpoBOfiJiLnnti KaGeiib flOJi>KeH GbiTb 
onoco6eH nepeflaaaib onjibHbiti tok npn huskoCi 
norepe sHeprnn b KownaKTHOM npoBOfle. 
HepeoaMa sneprnn oSbiMHo ooyu^ecTB/ifieTCfi Ha 
nepeMeHHOM roKe, n npuMeneHne 
CBepxnpoBOflHi^Ka flna nepeweHHoro Towa 
HenaSewHo conpoBOKflaeicfl norepfiMM 
SHepruin, KOTopym oBbi^HO waabisaioT norepflMH 
Ha nepsMeHHOM Tore, norepn wa nepsMeHHOM 
TOKe, HanoHMep, norepn Ha rnoTepesnc, norepn 
Ma coeflUHeHUfl m;ii/i norepn Ha BMxpeBhie tokm, 
aaenosiT or KpmnMeoKoCi njioTHocTH toks 0°) 
CBepxnpoBOflHUKa, pasMepa xi/in, cTpyiaypbi 
npoBofla M T.n, 

JXo HacToni^ero BpeueHM BunycKa/iMcb 
pasHbie BMAbi CBepxnpoBOAniMMX KaSened c 
McnonbsoBaHMBM MeTannnHecKMx 
CBepxnpoBOflHMKOB c L^enbio nayweHvin CTpynryp 
Ann yMeHbiueHMn norepb Ha nepeMSHHOM tokb. 
HanpuMep, b nnoHcxoil naieHTHoK nyBnuKai^mi 
N 6-36329 (1994) pacKpuT CBepxnpoBPflfli^HM 
npoBOA, KOTopbiCf coAep>KkiT HopManbHbil^ 
npoBOA M KOMnoskiTHbie MHoro>icMnbHbie 
oBepxnpoBOflHMKM, HaMOTaHHbie no cnnpajin no 
HapyjKHoti OKpyjKHocTM HopMajibHoro npoaofla. 

npOBOfl, paCKpblTblH B 3T0K nygjIMKaLlMM, 

o6pa30BaH HaMoraHHUMn no 4acoBoii crpenKs ki 

npOTMB HSe OnORMM KOMHOaHTHUX 
WHOrOJKMJlbHblX CBepxnpoBOflHMKOB, KOTOpbie 

nonepeMeHHo nanoKeHbi Apyr na flpyra. 
HanpaaneHMn hsmotkm npoBOAHMKOB 
MSMeHHioTcn B KajKAOM CHoe Ann yivieHbiueHkiH 
warHuiTHbix nojiea, rewepnayeMbix 3 
npoBOAHMKax, MTo6bi TaKMM oSpaaoM CHuanTb 
nwneAaHC n noabicmb ero TOKOHecymyio 
onocoSHocTb. B AaHHoK nyennKai^MM raioKe 
npeAno«eHO nonojibaoBaib Me)KAy cnofiMM 
onoK, oGnaAaioiAMK BbicoKnw conporuBneHHeM, 

HnH M30Jl!114MOHHblK CJIOPi, HT06bl CHH3MTb 

Ecnn KaSenbHbiR npoeofl ogpaayercH na 
OKCHAHoro CBepxnpoBOAHMKa, TexHojiorns. 
npi/iMSHfleMas flnH MeTajini/MecKoro 
CBepxnpoBOAHMKa, He wroKer npuMeHflTbcs KaK 
raKoeafl. OKcuflHbiK caepxnpoBOflHUK, 
HanpuMep, KepaMUMecKnti CBepxnpoBOAHHK, 
OTfiMMaeTCH 6onbiueCi xpynracTbio n 
ynsBUMOoTbio b oTHomeHHH wexaHMMecKoro 
HanpsjKeHUfl, mcm Meranjii/iMecKUki 
CBepxnpoBOflHMK, Hanpi/;Mep, s snoHCKoPi 
nareHTHOM ny6nnKai4MH N B-3S329 (1994) 
pacKpbiT cnoco6 cnnparbHoK HawoTKn 
CBepxnpoBOflH^iKOB BOKpyr HopMajibHoro 
npoBOAa raKUM o6pa30M, HToSbi mar HawoTKn 
5bin paaew fluaMerpy KajKAoro 
OBepxnpoBOAHMKa. OAHaKo, ecnn, HanpuMep, 
; TaKMM iwanbiM luaroM HGAasHO 



paapaeoTaHHbiM cBepxnpoBOAftiHufi npoeoA, 
coAep)KaLAM« OKCMflHbii^ csepxnpoBOflHUK, 
noKpbiTUM cepe6oflHoC^ 060J10MK0C1, to 
cymecTByeT BbicoKan BeposTHOOTb Toro, mto 
3TOT OKCMAHblCl OBepxnpOBOflHMK pasjiOMaeTCfl, 

HapyujMB noAany TO<a. Ecnn QKCMflHhifi 
CBepxnpoBOflHMK MpeawepHo /laomyTb, era 

KPMTMHeCKMfi TOK MOJKeT 6blTb SaMeTHO CHM)KeH. 

CnefloBaTenbHO, npn naroTOBJieHMH Ka6enbHoro 
npoBOAa, saxoHbiw mombhtom ^BiiFieTCfi 
pacnoJioweHMS oKcuflHoro caepxnpoBOAHUKa. 

HaeecTeH CBepxnpoBOAWLi(MC^ KaSenbHbiR 
npoBOA Ha ocHoae okchaob, onMcaHHwS b 
naTSHTe repMawnn N 4006094A, H 01 B 12/OD, 
1991. 

Ma BbinaneHHbix aHanoroB HanGonee 
e/iMSKMM K paccMaTpMBaeMOMy M306peTeHMK) 
j!ejiHeTC(i CBepxnpoBOAfliUMki KaBenbHwCi 
npoaofl, onMcaHHbiCi b sroti xfs sanBKS TepMaHMM 
N 4005Q94A, H 01 B 12/00, 1991, 

VKaaaHHbit^ npoBOA coAepxfUT rn6Kyio 
noAnoMCKy (rocfjpMpoBaHHyio TpyS^y) atia 

MHOJKeCTBa MHOrOKMJlbHblX QKCMflHblX 

CBepxnpoBOAfli^MX npoBonoK, noKpuTbix (oamh 
1^3 BapMaHTOB) CTa6iinti3MpyK}iAi/iM MaxeptianoM. 

OxnuMne paccMaipuBaeMoro npoBOfla or 
MaaeoTHoro aaitnciMaeTOfl b KOHCTpyKij,Max 
noAnoxcKi/i, oKci/iAHora CBepxnDOBOflHUKa n nx 
BsanMHOM paonono«eHMM, mto nosBonneT 
ocBoSoAMTbCfl OT yKaaaHHWx Bbime 

HSAOCTaTKOB. 

B ocHosy flaHHoro M3o6peTeHMfi nono>KeHa 
aaflawa coaAa^b CBspxnpoBOAni^MR Ka6enbHbi£4 
npoBOfl, oBnaflaioi^Mil meKDCTbio n otjimmhoR 

CBepxnpOBOflMMOOTblO, B HBCTHOCTM, BbICX3KMM 
KpHTMMeCKMM TOKOM M BWCOKO!^ njlOTHOCTbK) 

KpMTMMecKoro TOKB, npoieicaioinero no 

OKCMAHOMy CBepXnpOBOflHMKy. 

Apyroi^ saAaMsC^, neKai^eM b ocHoae 
AaHHoro M3o6peTeHM5i nanjieTcsi ooaflanne 
CBepxnpoBOflninero raeenbHoro npoeofla, b 
KOTopoM anaMHTenbHo CHn>KeHbi noTepn na 
nepeweHHOM roice, npoTeKawinew no okcmahoR 
CBepxnpoBOflflineR npoBonoKe. 

CornacHQ AaHHOMy naoepeTeHHio noflnoxKa 
BbinoHHeMa b BMfle KapKaca, ceepxnpoBOAnLAMe 
npoBonoKM BbinonneHbi neHTOo6pa3HbiMH n 
HaMOTaHbi no cnMpann wa KapKac b HBCKonbKo 
nocneflOBaTenbHo pacnonosKeHHbix, 

CClDOpMMpOBaHHblX Ma MHQJKBCTBa 3TMX 

npoBonoK, cnosB, BnnoTHyio flpyr v. APyry b 

Ka)KnQM M3 HMX, HpM 3T0M, HO MeHbLUeCi Mepe, 

MaiKfly 3TMMM HecKojibKMMM cjioBMM pacnorowsH 

3neKTpOM30JiaL(MOHHbli^ CJIOM. 

>KenaTenbHo, MTo6bi cBepxnpoBQAniMne 
npoBonoKM 6bmn HawoTaHbi Ha KapKac npii 
HanpHweHMH M3rn6a MeHee 0,3% 

>KenaTenbHO. MTo5bi aneKTpoMaonanMOHHbiM 
cnoPi 5biJi paonono)KeH Me>Kfly MHoxecTBOM 
jieHToo6pa3Hbix CBepxn30BOAflLL(i^x npoBonoK, 
no MSHbiueti Mepe, b nio5oM na 
nocneflOBaTenbHo pacnorojKeHHbix cnoes. 

>KenaTenbHo, 4To6bi KapKac 6bin BbinonneH 
H3 MOTarna. 

>KenaTejit>Ho, moSbi Ka>Kabii^ 

3neicTpoM3onnL(t'OHH^iii crofi 6bin oSpaaoBaH 
nyTSM cnnpa.nbHoii hbviotkh nsorwLiMOHHoPt 
neHTbi B npoA;^bHC^' HanpseneHMH KapKaca. 

>KenaTeTihHo, MToSbi Ka«Abiki 

3reifTpoM3onBj,i/0HHbiCi cnoM 6b. n oGpaaoBaH na 
M3onni4HOHHofi jieHTbi, npuHeM naonaqMOHHaji 
neHTa 6bina 6bi yjiOKewa Me>KAy caceAHMMM 
jieHTDo6paaHbiMM cBepxnpoBOA^iLUMMM 
npoaojiOKawM, no MeHbiiieM Mepe, a nioDOM m3 
HeKoToporo 4Mcna cnoes n cnMpaiibHo 
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HaworaHa Bflorib coceflHux caepxnpoBOflflinnx 

npOBOnOK 0 B03M0>KH0CTbKl nOKpblTb 00-IOBHytC 

noBepxHocTb, o5paineHHyio k KapKaoy, oflHot^ H3 
coceflHux CBepxnpQBoflainMx npoBonoK n oflHy 
ocHOBHyio noBepxHocTb flpyroCi 

csepxnpoBOflflinefS npoBojioKn, 
npoTMBonojiojKHoiS oT KapKaca b napax 
npoTHBonojioKHbix acHOBHbix noeepxHocTeM 

COOTBeTCTByOLUl^X npoBonoK. 

KejiarenbHO, MTo6bi neHTOo6pa3Hbie 

MHOrOKHJIbHbie OKCHflHbie CBSpxnpOBQflfllHHe 

npoBonoKi/i 6binn noKpbiTbi 

3neKTpOH30n5114l10HHblMM cnoflMH. 

KejiarenbHO, MToSb! KapKac 6bijn BbinoriHaH 
M3 MeranrinMecKOfl Tpy6Kn co cnnpa/ibHoC^ 
KanaBKoi^ nnn MeTanjii/mecKoPi rocfipLipoBaHHoR 
rpySKn. 

>KenaTenbHo, HToObi npoaofl coAep>Kan 
MerannnMecKyic neHTy, HaMoraHHyio no 
cnnpann Ha KapKac, n MaonsunoHHyio jieHiy, 
HBMOTaHHyio no cnMpajiM hb rnaflKyio 
nosepxHooTb, oSpasoeaHHyio MeTanjiMMecKoR 
newTOM, npHHeM neHTOG6pa3Hbie MHorojKMTbHbie 
CBepxnpoBOflflii^ne npoeojioKM cnnpajibHO 

HaWOTaHbl Ha l<30JlHI4MOHHyKJ nsHTy. 

KenarenbHo, MTo6bi b nenTOo6pa3Hbix 
npoBonoKax >Knnbi 6bmv\ CKpyneHbi 

(TBUCTHpOaaHbl). 

riocTaBneHHafl aap,a^a peiiiaeTcn raiwe rew, 
MTO cornacHO M3o6peTeHmo noflnoKKa 
BhinonweHa b BMfle Kapnaca, caepxnpoBOAflLHne 
npoBO/ioKM BunoJiHeHu neHTOoSpasHbiMn 
HaMoraHbi no cnMpanM Ha KapKac c HarsiJKeNMeM 
He 6onee 2 Krct/MM^ npn Hanpa^KeHMH M3rn6a 
MSHee 0,3% b HecKOjibiro nocneflOBaTejibHo 
paononoHOHHbix, o4)opMnpoBaHHbix na 
MHOKecTBa 3TMX npoBojioK, cnoeB, BonoiHyio 
flpyr K Apyry b KawfloM m3 hmx, npn 9tom, no 
MGHbiueS^ Mspe, Me)Kny 3thmm wecKojibKHMn 
cnoflMH MejKfiy neHToo6pa3HbiMM 

CBepxnpoBOflflii4HMH npoBonoKaMn n icapKacow 
pacnojioJKBH sneiaponaonflUMOHHbiii cnoR, 

>KenaTenbH0, MToSbi npoaofl ooAepxan 
3neKTpoM3onnuMOHHbi« cjiofl Me«ny 
MHOJKecTBOM nenToo6pa3Hbix CBepxnpoBOAniAHX 
npoBonoK, no ueHbLuei^ uepe, b ;iio6om m 
nocreflOBarenbHO pacnojioxeHHbix cnoea 

XenarenbHo, i-iT06bi Ka>KBbi^ 

3neKTpon3on^i4noHHbiM c;iofl 6bir ocpasoaai- 

nyTBM CnnparibHOM HaWOTKH H30J1flL(M0HH0M 

newTbi B npoflcTibHOM HanpaBJieHMH KapKaca. 

>KejiaTenbHo, HTo6bi KaxcflbiM nsonfmnoHHbi^ 
onofi 6bin oepaaoBaH us H3o;iflL(noHHQi^ /leHibi, 
npmeM MsonaLiMOHHafl nema yKnaflbiBaeicfl 
Me>KHy coceflHWMM reHToo5pa3HbiMH 
CBepxnpoBOflfliunMn npoacnoKaMn, no MeHbiuefi 
Mepe, a rc6oM H3 HeKOToporo Mucna cjioeB n 
5bm cnnpanbHO HawoTaH appm coceflHux 

CBepxnpOBOflS1li|HX npOSOnOK C B03MO>KHOCTblO 

noKpbiTb ocHOBHyio noBepxHocTb, oSpameHHyto 
K KapKacy, oanov\ n3 coceAHi^x 
CBepxnpoBOflaiiinx npoBoroK n OAi^y ocHOBNyic 
noBepxHocTb Apyro(^ CBepxnpoBooflLitePI 
npoBonom. npoTHBonono>KHoPi or KapKaca b 
napax npoTHBononoxHbix 
noBepxHocTefi cDOTBeTCTeyiomMx n 

>KenaTenbHo, MTo6bi MHo>KecTBO 
neHToo6pa3Hbix MHoro>KnnbHbix OKonflHbix 
CBBpxnpoaoflflLL|nx npoBoroK, npeflaapnTenbHo 

nOKpblTblX H30nfll4HOHHblMH cnofiMM, 
HaMaibiBanwcb Ha Kapicac. 

XerarenbHo, MTo6bi KapKac fiB/inncfl 
MerajinnHecKoR Tpy6KoR co cnnpa/ibHoK 
KaHaBKofi nnn MeranjiM^ecKoB roc^jpupoBaHHOii 
TpyBKoCi. 



>KenaTenbHo, 
MeTarijiMMecKyio 
cnupari 
HawoTawHyio 



pKac 



|-iTo6b! npoBOfl coflep>Kaji 
neHry, HaMCTaHHyio no 
M30Jiai4H0HHyio neHTy, 
poBHym noBepxHocTb, 



o6pa30BaHHy(c MeTan/inHecKoi^ renToPi, npunew 
jieHTOo6pa3Hbie MHoroxcMjibHbie OKCHflHbie 
osepxnpoBOfljiLLiMe npoaonoKn cnnpanbHO 6biJiM 
HaMoraHbi Ha n3onfii4HOHHyio jieHiy. 

>KenaTejibH0, HTo6bi a jieHTOo6pa3Hbix 
npoBonoKax >Knnbi Cbinn CKpyneHbi. 

npi/iBeAeHHbie BbiLue n npoMne npnsnaKH, n 
npenwymecTBa AaHHoro M3o5peTeHnn cTanyT 
Sojiee DHSHMAHbiMM 1/13 cneflyioiAero mxe 
noApQ5Horo onucaHUR sapi/iaHTOB BbinonneHna 
M3o6peTeHMn co ccbijiKaMn Ha npunaraeMbie 

Ha ttur.l flaH HacTMHHbiii BMfl cepneMHUKa co 
onupanbHbiMM KaHaaxaMn ncnorbsyeMoro b 
AaHHQM n3o6peTeHMM, Ha (pw.2 nepcneKTMBHUM 
bma, n3o6pa)KaK3mn(i '^acTHMHO roctjpupoBaHHbiiii 
cepASMHUK, McnojibsyeMbiiS b AaHHOM 
M3o6peTeHMn; Ha dpm.Z nepcneiaMBHbiC^ bma, 
MsoepaxatoujMil cspAe^HHK b tpopNie 
cnnpanbHoi^ jieHTbi, McnonbayeMbii^ b AaHHOM 
M3o6peTeHi/iM; na cpvwA aBu\M aiAp, 

neHT005pa3H0H MHOrO)KMnbHOH OKCHAHOt^ 

CBepxnpoBOAniAeR npoBonoKH, HaMoraHHoK no 
CRMpajiM Ha cepASMHMK; na cpiAr.S 
nepcneKTMBHbiR bma KOHxpeiHoro npuwepa 
CBepxnpoBOAfiiHero Ka6ejibHora npoBoqa 
corjiacHO AannoMy nsoBpeTeHmo; na bma 
B ceneHMM, M3o6pa)KaK3mMi1 MHorocjiof^Hyro 
cTpyKiypy jkmji m naorumMOHHona warepMana b 
npoBOAe, naoSpaxeHHOM na (fiMr. 5; na (JsnrJ 

BMA B caMeHMM, M3O6pa>ICai01AM£1 KOHKpeTHblfl 

npuMep TaKoi^ orpyKrypbi, b KoropoR 
M3o;iHL(MOHHbie neHTbi pacnonaraioTcn Me>KAy 

COCeAHMMM JieHT006pa3HblMM MHOrO>K|/inbHblMM 

cBepxnpoBOAfiiAHMM npoBOJioKawM cor/iacHo 
AaHHQMy M3o6peTeMMK); Ha cfjMr, 8 
nepcneKTMBHbii^ bma, MsoSpaxaioLUMM 
nono)KeHHfl xnn, nepeBHTUX b MHoroxMnbHoi!i 
oKCMAHofl cBepxnpoBOAflLnePi npoBonoKe; na 
c})nr,9 - nepcneKTMBHbiPi bma, MsoBpaKaioimifi 
Apyrym cpopwy cepAeMHMKa; na cfiMr.lO a,5 bmaw 
B ceweHMM, M3o6pa>KaioinMe nponeco HawoTKM 

CBepxnpOBOAfllMUX MHOrO)KMnbHblX npOBOJlOK Ha 

cepAe'^HMK 683 npoKnaflKM M30/inL;M0HHbiM 
cjioew; Ha cfjur. 11 saBi/icMMOCTb Me>KAy 
BejiMMMHofi noiepb na nepeweHHOM TOKe Ha 
OAHy )KMny M B036y>KAaioii(MMM TOKawM b 
npoBoflax, no/iy-ieHHbix aa chbt yKnaflKM 
cBepxnpoBOAnu^i^x wHoroKunbHUx nposonoK; na 
4)/ir. 12 nepcneKTMaHbii;^ bha, M3o6pa)KaraLL(MM 
ApyroM npMMep npeAnroxeHHoro npoBOAa; na 
cpMr. 13 BMA a ceneHMM npoBOAa, 
nsoOpaxceHHoro Ha it)Mr.12; na cf)Mr.14 bma b 
ceneHMM eii|e oAHoro npi^Mepa npeAnoxeHHoro 
npoBOAa; Ha ctjur.io a, 5 bmau b ceneHMi/i, 
M3o5pa)KaioLUMe CBepxnpoBOAnmyio 
MHorowMfibHyic npoBonoKy, noKpbiryio 
MsojiHUMOHHhiM cnoeM, n BLqe oamh npMiwep 
npeanoxeHHoro npoaoAa, naroTOBneHHoro m3 

CBepxnpOBOAyiLLl^^X MHOrroKMJlbHblX npoBonoK, 
COOTBercTBeHHO nOKpblTblX M30naL(HOHHblMM 
CJIOflMM. 

Cor/iacHo flaHHOMy MsoBpereHMfo Ka>KAa3 
neHToo6pa3Ha^ MHoro>KMnbHafi OKcuAHafl 
CBepxnpoBOAHLLia^ nposonoKa MMser, kbk 
npasMno, raKyio CTpyrrypy, KorAa HecKonbKo 
)KMn, cocTOflinMX no cyLnecTsy na OKcuAHoro 
CBepxnpoBOAHMKa, norpyjKenbi b 

CTa6MnM3Mpyioii(MM MarepMan, KaKOBbiM 
HBJinera cepeSpo m;im era cnnaa, OkcmahuR 
csepxnpoBOAHMK mokgt 6biTb BbinonHeH m3 



0^ 
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JiBajGUjOy.x (OsX<1) 

(Bi, Pb)2Sr2Ca2Cu30io.Y (0=Y<1) mjim 

TlsSrsCazCujOio-z (OaZ'=1). 

KepaMHMecKM« cBepxnpoBOflHUK Ha ocHOBe 
BMCMyia npeflnoMTHTeneH c tomkm speHUs 
BbicoKoCi KpnTMMecKOM TeMnepaiypbi, BbicoKoii 

njlOTHOCTM TOKa, HM3K0M TOKCIWHOOTM M 

nerKOCTM MsroToeneHMH ms Hero npoeo/ioM. 
JleHTOo6pa3Hafl CBepxnpoBOflflinas npoBonoKa 
MsroTaBnuBaeTOfl, kbk npasnno, sa ewer 
BbinonHeHMfl onepai^nR noflroTOBKn cbipbSBoro 
nopoujKa flnn oKOMflHoro CBepxnpoBOflHUKa, 
sarpysKM nopoujKa b oSojioMKy m 
cTaennnsMpyioinero MarepMa/ia, njiacTuqecKofl 
o6pa6oTKM M oneKaHMfi, Ha cTaflnn noAroTOBKn 
cbipbeBoro nopotuKa nopoLuraoepasHbie okcman 
vim KapgoHaru ojieMeHTOB fxns\ oBpaaoBaHUH 
csepxnpoBOflHUKa nepeMenineaioTCfl b 
sBflaHNbix cooTHOLueHUflx n cneKawTCfl, nocne 
Mero ora oneMeHHafl cwecb apo6htcs, HTo6bi 
nonynnTb abipbeeoK nopoujoK. 3tot nopoujoK 
3arpy>KaeTCfi b o6onoMKy, Koropaa coctomt no 
cymecTBy, HanpuMep, na cepeGpa nnn era 
cnnaBa. Onepai^nn nracri/iMecKoPi o6pa6oTKM 
npeflOTaBnaer co6oC^, Hanprnnep, nyrew 
BonoMeHuie m npoKaiKy. nocne npoKaiKM 
npoBonoKy, KOTopoCi npi/iflana cfjopwa jieHTbi, 
cneKaiOT npn rewneparype npnennamenbHO 
800^900°C, npeflnoMTkirenbHO 840-850°C, 
HToGbi caepxnpoBOflHMK, CHaSKeHHbiPi 
oSonoMKOfi, npno6peri BbicxjKyio creneHb 
opueHTauuM n abicoKyio nnoTHOcTb 
KpnTuqecKoro roKa, flna nsroToeneHu;; 
MHoro>KnrbHofi npoBonoKn HeKoropoe Mucno 
npoBoroK, nnnyMSHMbix nocne BonOMeHMs, 
co6npaeTCfl Bwecre n noflsepraeTCfl 
nnaoTHwecKoS o6pa6oTKe n cneKaHi^to. B 
onucaHHOM Bbiiue npoqecce mo>kho nonywuTb 
npaicTHMeoKM ceepxnpoBOflRtnyio woHoctiasy, 
HMeioinyio ebicoKyio creneHb opMeHTat^Hi/i, aa 
CMer KOM6MHai4HM nnacTHMecKoCi o6pa6oTKn n 
cneKaHna, >Knnbi neHToo6pa3Hoii 
CBSpxnpoBOflflLneM npoBonoKH, nonyMeHHbie c 
nOMombK) onucaHHoro Bbiiiie cnoco6a, HMeioT 
npaKTWMecKH OAHopoflHbie CBepxnpoBOflRu^ne 
(pa3H D npoflonbHOM HanpaBJieHMM neHToMHoCl 

npOBOnoKM, B TO BpeMR KaK C-OCM 

cBepxnpoBOflHLUMX 033 opueHTupoBaHbi no 
cymecTBy napannenbHo HanpaBneHnic 
Tonii^nHbi neHTOMHoCl npoBonoKM. JKuiJibi 
o6pa30BaHbi H3 KpucTannnMecKMX sepeH b Bnae 

XnonbSB, BblTflHyiblX B npoflonbHOM 

HanpaaneHMn jishtomhoR npoBonoKH, KOTopue 
npoMHO coeflMHSHbi flpyr c apyroM. 
XjionbeBMflHbie KpnoTannnMecKne aepHa 
yjioxeHbi B HanpasjieHUM Toam^Hbi jibhtomhoH 
npoBonoKn, TaKaa jieHTooGpasHaji 
OBepxnpoBOflsman npoBonoKa npaKTMMecKM He 
orpaHnMena b paawepe, ho nMeer, nanpuwep. 
liinpuHy 1,0-10 MM, npeflnoMTMTejibHo 2-6 mm, b 
Toni^MHy 0,05-1 MM, npeflnoMTMTenbHO 0,1-0,4 
MM. ripn TaKMX paswepax jieHTOMHan npoBonoKa, 
coflep>Kaina5i xnnbi c ynoMsiHyToCi Bbiuie 
CTpyKiypoJl, MOjKeT coxpaHHTb KpwTi/mecKyio 
nnoTHOOTb TOKa, wanpuMep, 

4,10^-3,0.10" A/cM^. rieHTOMHaa npoBonoKa, 
coflepwoman jKunbi c onucanHOii sbiiue 
crpyKtypoCi oBnaflaeT oiHocurenbHofi 
ycToHMMBOcTbio K H3rn6y M coxpanneT BbiooKyio 
KpnTMMecKyio nnoTHOCTb TOKa, fla>ice Korfla ee 
noflBepratoT onpeflemHHOWy HanpnjKeHnio 
naruBa, kbk Oyfler onucahO HHJKe. 



JleHTooOpasHaFi 
cBepxnpoBOflfliiiasi npoBonoKa MOJKer 
GOflepxaTb or 7 ao 10000 jkmji, 
npsaroH-'HTenbHo 37-1 GOD >Knn, 

B npeAnQ>KeHH0M npoeofle cepfleMHUK, 
KOTopuM, KaK npasnno, HaabisaioT KapKacoM, 
cnoGc6eH flepKaTb neHiooSpaaHbie 
CBepxnpoaoflWLLine npoBonoKn noA 
HanpfiJKSHneM H3rn6a b aaAaHHOM HHTepBane. 
3tot KapKac nMeer flnnHy, HeoGxoAHwyio Ann 
CBepxnpoBOAwiLiero Ka6enbHoro npoBOAa, n 
HaxoAHTCfl B LiSHTpe 3Tora npoBOAa. KapKac 
Hweer npaKTMMecKn i^nnnHApuwecKyio hhh 
coHpajibHyio cfiopMy, moSbi era mo>kho Gbino 
oeiuaTbiBaTb neHTOMHbiMM npoBonoKaMM, m, KaK 
npaBMJio, MMeer npaKruMecKH oAnnaKOBbiR 
AMaMerp no Bceffi AnMHe. KapKac Moxer 
oocTonTb no cymecTBy no M8Hbiue« uepe M3 
OAHoro Marepnajia, BbiSpaHHoro na rpynnw, 
BKHioMaioLMeM B ceen, HanpuMep, HeptKaBeioii^yio 
ciajib, MeAb, ajiioMUHMM n ynpowHeHHbiR 
BonoKHOM njiacTMK (FRP). 

ComaoHo flaHHOwy naoBpeTeHnio Kaprao 
BbinojiHfieToa npeAnoMTHienbHo b BUfle 
TpyewaToro 3JieMeHTa, oSnaAaioi^ero 
rueKOCTbio. HanpuMep, bo3mo>kho 

npeAnoMTMTenbHoe npuMeneHne TpyCKM co 
onupanbHOPi KaHaaKOR (HMwe HMSHyeMoCl KaK 
onuoanbHan rpySKa) b KaMecTae Kapraca, 

MMSKIlHerO AOCTaTOMHylO npOMHOOTfa V\ rMBKOCTb 

{dpw. 1 ). ro4)pMpoBaHHafi Tpy6Ka, coABp)Kai4aji 
roctipbi, Tmace mo)kbt CbiTb npeflnoMTMTeabHO 
McnonbsoBaHa b Ka4ecTBe Kapnaca, kbk 
noKaaano na ct)nr.2. Ha ctjur. 1 n 2 oeosHaHeHUH 

Rl M Rz 0603HaMaiOT, COOTBeTCTSeHHO, 

HapyjKHbie A^^aMerpw, Ti n T2 Toniij,WHy, Pi n 
P 2 - Luar n Di n D2 aaaopbi. Kpoiwe Toro, 
KapKac MOKST 6uTb TaK>Ke naroToeneH na 
CKpyi^eHHoro b bhab cnnpaiin Maiepnana, 
i-ianpi^Mep, raK HasbiaaeMoti cnupanbMoPi 
crarbHofi nonocbi, noKaaaHHOfi Ha ct)nr.3. nio6oe 
H3 3THX KOHCTpyKTHBHbix BbinonHeHMii cnoco6HO 
o6ecneHHTb KapKac flocTaTOHHofi ruSKocTbKD. 
CnHpanbHa^ ipygKa vtm rocj^pupoHaHHan 
Tpy6Ka MO)KeT 6biTb Tame BbinonneHa na 
HepwaBeiomei^ crann, mbah, ajiKiMUHnFi nnn 
FRP. rnOKMCS KapKac o6ecneMHBaeTCfl mBKOoTb 
npeAnoKOHHoro npoBOAa. 3tot iy6KMfl npoBOA 
Mower 5biTb HaMOTaH Ha 6apa6aH. 

Cor/iacHO AaHHowy naoepeieHHio mo>kho 
HawoTaib Ha KapKac ot necKonbKnx AecsTKOB ao 

TbICBM neHT0oepa3HblX MHOrO^MJIbHblX 

cBepxnpoBOflfliAMX npoBonoK. DeHTOMHbie 
npoBOJiOKM HawaTbisaKiTCH no MeHbUjeCf wepe b 
ABa MjiM Bonea cnoes, npimew m ocHOBHbie 
noBepxHocTM oBpaineHbi k KapKacy. Ka^KflbiM 

CnoH MO>ICeT GblTb CCfjOpMUpoSaH M3 

npoMSBOAbHoro MMcna jieHTOHHbix npoBonoK. 
KoFAa HecKOJibKO flecniKOB neHTOMHbix 
npoBonoK HaMOTano Ha KapKac napa/ijie/ibHO 
APyr flpyry, laK mto noaepxHocrb KapKaca 
aanonHBHa mmh, Ha hmx HaMaTbiBaeTcs eine 

HeCKOHbKO AeCBTKOB JieHTOHHblX npoBonoK. 

KorAa Ha nepsbiR cnoC^ naMOTaHO AocTaroijHoe 
KOJiMMecTBO neHTOMHbix npoBonoK B BMAe 
BToporo cnofl, na hmx HaMaTbieaeTcn rpeTut^ 
cnoi^ neHTOMHbix npoBonoK. Mex<Ay Ka>Kflo« 
coceAHsR napoti cnoeB yKnaflbiBaercs 

M30JlSl^M0HHblM CnOpi. 

CornacHO AaHHOiwy M306peTeHHio Ka>KAafl 
neHTooGpasHaa MHoroKnnbHaH oKcuAwan 
CBepxnpoBOAfimafi npoeonoKa HaMarbiBaeTcn 
Ha KapKac, nanpuMep, KaK noKaaaHO Ha (Jmr. 4. 
Ha tpvwA neHTOMHafl npoBonoKa 1 1 
HaMaibiBaercfl na KapKac 10, 



aaflaHHbiH flMaMeip, npn nanpfl)KeHMn narnCa 
MJiM KpuBusHe B aaflaHHOM HHTepaajie n c maroM 
(P) saflaHHoro HHTepeajia. ripM stom ocHOBHan 
noBepxHocTb 11a neHTOHHoPi nposonoKn 11 
o6pau4eHa K Kapocy 10, CneflOBarenbHO, 

OTHOCHTSJlbHO CB060flHbli^ H3rM6 

npuKnaflbiBasTCfl k neHTOMHofl npoBonoice 11 b 
npo/lojibHoy HanpaBneHnn. Ecnn aio 
HanpflweHne H3rn6a onpefle/ifieTCfi b 
cooTBercTBHn c npuBeflSHHOti Hi/i>Ke 4>opMynoM, 
neHToHHaf! npoBonoKa 11, KOTopan HaMoraHa Ha 
KapKac 10, n3rn6aeTcs) npn HanpnxeHnn MarnSa 
He Bojiee 0,5% npeAnoHTMTenbHo, He 6onee 
0,3% CBepxnpoBQflMMOcTb neHTOHHoH 
npoBonoKM 1 1 Bpflfl JIM yxyflUJUTCs npn tskom 
Hanpfl>i<eHnn H3rn6a no cpaBHeHHio co 

CEepxnpOBOflUMOCTblO B npflMO/lMHSKHOM 
COCTOflHUM, 

Hanpa)KeHne H3rn6a (% ) (Toninnna 
reHTOoGpasHoi^ cBepxnpoBOflnmei^ 
npoEonoKn/(flnaMeTp M3rn6a + ee 
Tonii^nHa)) . 130. 

Korfla reHToa6pa3Hafl CBepxnpoBOflniiiafl 
npoBonoKa tojillimhoC^ t cnnpa/ibHO 
HaMaTbiBaercfl Ha Kapioc, nweiOLnnM fluaiuerp 
D, c LjjaroM P, narnSatoinee Hanpfl>KeHMe E 
nonyMaioT cornacHo cneflyioLneMy ypasHeHnio. 
CornacHo flanHOMy MSoSpeTeHnio 

npeflnoMTHiejibHo yciaHOBHTb tskoR mar P m 
fluawBTp D Kapraca, MTo6bi Hanpfl)KeHMe narnSa 
E 5bino He Bonse 0,3% 

Et.100/(Di+t) 

Dl=(p2+(,cD)2)*/, 

ComacHO flaHHOwy M3o6peTeHMK3 Kaimast 
jieHTooCpasHaq oKCHflHan CBepxnpoBcwtuaH 
npoBonoKa npeflncHTmerbHO HawaTbiBaeTon Ha 
KapKac c HaTH)KeHneM hb Bonee 2 icr/cfjyT, 
HanpuMep b MHiepBane 0,5-2 Kri^yr. 

CepfleHHUK (KapKac) uo^t 6uTb BbinonneH 
m6o UI3 aneKipoMsonni^noHHoro Marepkiara, 
nnSo H3 aneiapuMecKoro npoBoflHUKa. 
OneKvpovaonftu/AaHHeiiSt Marepi^an 
npeflnoMTMTejiGH o tomkm 3paHM5i OHMKeHna 
noiepb HB nepeweHHOM roKe, a to epewa ksk 

npoBOflHUKOM, npeflnoMTMTe/ieH c tomkh apeHns 
npoHHOCTM. MeTanTiHHecico« TpyBKe oo 
criMpanbHoR KanaBKoii nnn MerannMHecKoi^ 
roc^pupoBaHHOM Tpy6Ke oTaaeTcn oc!o6oe 
npeflnoMTeHMB KaK cepASHHUKy flns npuflaHns 
npoBOfly rM6K0CTM o coxpaneHneM era 
npoMHocTi/i. MeTaruiMHecKut^ cepfle4HMK mo>kbt 
6biTb TaK>Ke McnorbaoBaH flnn nepeflaMK 
anoMajibHoro tokb nocne asapnw, B stom 
cnyMae, mojkho ycTanoBHTb onrnMajibHoe 
ccnpoTneneHne cepfleMHUKa c tomkm apennfl 
noTepb Ha neperuieHHOM TOKe b npoBofle n 
HarpysKs cepfleHHMKa flns 3Toro aHOManbHoro 

Ecnn B KaMecTse cepflSHHUKa ncnonbayeroR 
MeTajinnHecKan rpygKa co cnnpajibHoC^ 
KanaBKoCl nnn MeranjinHecKaR rocfjpupoBaHHan 
Tpy6Ka, npeflno>KeHHbiPi npoBOfl MOJKei Tao<e 
coflepjKaTb MeTannnMecKyio neHiy, KOTopan 
HaMaTbiBaeTcR na cepfleHHUK no cnnpann, n 
H3onflL^noHHyio jieHTy, HaMaTbieaeMyKj no 
cnnpann na poBHyio nosepxHocTb, 
o6pa30BaHHyic MerajinnHecKoti neHioii. 
MeranjiMHecKafi neHia motot o6pa30BbiBaTb 
poBHyio noBspxHOCTb noKpbiTHH KanaeoK 
cepaeMHUKa tskum oOpasoM, WTo6bi 
CBepxnpoBOflflinne nsHTbi He BbinnHUBannob aa 
CMer 3THX KawaBOK, h aha npnewa 

CBepxnpOBOflHlUMX JIBHT. B03M0>KH0 3aKpblTb 

KanaBKM, coxpaHnn ruSKocTb cepneMHUKa, nyreM 



M MeranjinHecKoil jieHTU. HaorumnoHHas 
neHTa, KOTopaji HawaTbiBaeTCfl Ha 
MBTajiJiMHeGKyio neHTy, npeceKaer 

sjieicrpMHecicyio CBHSb Me)t<fly cepfleuHMKow, 
MSTajiJiMHecKofl jisHTOfl II cBepxnpoBOflaiUMMM 
jiBHTaMM. HsojismnoHHyK) neHTy mo)kho 
aavieHMTb sneKTponaonni^MOHHbiM cnoeM, 
cocToaLUMM no cymecTay M3 APyroro wiaTepnajia, 
Ecni/i cepflSMHUK BbinoJiHeH va weTanna, 
npeflnoHTHTenbHo, HTo6bi oh 6bin aneKTpuHecKvi 
naonnpoBaH OT cBepxnpoBoflHimix nsHT. 

ComacHo flSHHOMy M3o6peTeHMKD 
3reicrpoM3onHqMOHHbi(1 cnod BbinoriH^ieTcn no 
MeMbiLieR Mepe MeJKfly cnoum, Ka>KflbiiS na 

KOTOpblX OC[30pMMpOBaH H3 HBCKOJIbKHX 

OBepxnpoBpnnii^MX tbht. KpoMe Toro, mokho 
TaioKB BBBOTM. 3neKTpoM3onBmioHHbrH onoft 
MBJKfly HBCKojibKMMM pacnoncoKeHHbiMM 
BnnoTHyio neHTooSpasHbiMM 
ceepxnpoBoflRLUkiMM npoBonoKauM no MeHbiiieii 
MSpe B jiioBoM H3 arToro MMCna crioeB. Ecnn 
cepflSHHMK cocTOMT HO cymecTBy us MeTa/ina, 
KaK onHcaHo Bbime, 3neiapoM30JiflmiaHHbiti cjioii 
npeflnoMTMTenbHo Taiotce BbinonHHTb Mew/iy 
cepAeHHMKOM M neHTOoSpasHbiMM 

cBepxnpoBOflSLL^MMM npoBonoKawM. B KayecTBe 
anbTepHaTMBbi, Ha cepflesHHK moxcbt 6uTb 
I HeKOTopoe Mucno neHTDo6pa3HbiK 
: cBepxnpoBOflflinnx npoBonoK, 
npefleapnTenbHo noKObiTbix naorKmnoHHbiMM 
cnoflMM. CornacHo flaHHowy n3o6peTeHMio 
naonnmioHHbiR cnoR npeceKaeT aneKTpuHecKyro 
CBn3b Me>Kay cBepxnpoBOAni^kiMM neHTauM, 
CHi/i)Kafl TaKi^M o6pa30M noTepM npoBOfia na 
nepeweHHoivi toks. 

Ha 5 n 6 noKaaana TunnMNafl M3onflL(M3 
MBWCflY cnoqMn n nsoJisiL^ufi Me>Kay 
CBepxnpoBOflBLi4HMn npoBOJioKaMU b cnoHx. 
\A3omii,\Aon»ue Marepnanbi 50 pacnono>KeHbi 
oooraercTBeHHc Me)Kfly CBepxnpoBOflsinnMn 
xnnaMn 51. MeiKcnot^HWi^ M3onFiL|MOHHbiCi ojiom 
50 pacnonoH<eH we^ay nepBUM v\ BTopbiM 
cnoFiMn 51 n 62, KOTopwe oBpaaoBaHw 
saflaHHbiM MMcnoM cBspxnpoBoflBmnx nsHT, b to 
Bpewji KaK BTopoii cnoi^ 61 Taoice noKpwT 

M30nFII4MOHHblM CnOBM 65, M30nflL(H0HHbie 

MaTepnanbi 50 o6pa30BaHbi LUHypoo6pa3HbiMH 
\M\/i neHTOoOpaaHbiMn aneMeHiaMU, KOTopue 
ORMpanbHo HaMoiaHbi na cepfleMHUK 55. 

Me>KC/IOHHblV1 M30TlflL(HDHHbl(l Cnoil 60 H 

n3onqL(noHHbiR cnoR 65 woryT SwTb 
c4)opMMpoBaHu M3 iLiMpoKMX reHTao6pa3Hbix 
\Am nDnocooepasHbix ansMBHTOB. 3tm 
MaTepkiajibi HauaTbieaioTcn no cnnpann na 

jKunbi 51 . 

CornacHO flanHOMy naoBpereHMio 
MaTepnanbi, nsonnpyioinne cepfleHHMKH, 
npeflnoMTHTenbHo mmbkit cfjopmy 

jieHTOoSpasHbix hjim LiJHypoo6pa3Hbix 

SneMeHTOB. MToGbl COXpaHHTb rM6K0CTb 

cepABMHUKa m nonyMHTb cBepxnpoBoflsinnii 
Ka6enbHbM npoBoa Hy>KHoi^ rn6K0CTH, 
CneflOBaTejibHO, sneKiponsonjmnoHHbii^ cxioi^ 
TaiOKB npeflfioMTHTsnbHo ^jopMnpyeTca na 
JieHTOoBpaaHbix nnn niHypooBpaaHbix 

arSMBHTOB. DpH 3TOM M0>KH0 ajDOpMUpoBatb 

MSonsmMOHHbiii cnoCf nyTeiw cnnpanbHOM 
Hak/IOTKM M30nnMklOHHOi^ JieHTU vinv\ 

MsorumMOHHoro lUHypa b npoflonbHOM 
HanpaBJiBHMM cepaeMHUKa. M3Qn;iL4MOHHaq 
reHTa nnn ujHyp Mo>KeT BbiTb nawoTaH c 
HaTAjKBHUeM, HanpuMsp, 0,5-2 Kr/tJjyT. 

fljin co3flaHMfl 3reKTpoM3orsmMOHHoro cron 
Me)Kay HecKOJibKMMM pacnonojKeHHbiwn 
BnnoTHym cBepxnpoBOAfiLi^MMM JieHTaMn 
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KaiKf\ovo cs\09, MOJKHO ncnojibsoBaTb, HanpMMep, 
ceepxnpoBoflflLMne neHibi, npeflBapure/ibHo 
nojiHOCTbio noKpuTbie n3o;inL(Mefi, OflHara 
OTHOCMTenbHo TpyflHo yflOBjieiBopi^Te/ibHo 
noKpuTb naonpLineii nosepxHOCTH nnocKnx neHT, 
ocoBeHHO, Ha mx KpoMKax, m sto floporocToamaa 
onepaqufl. Ecnn ynoH<MTb ceepxnpoBOAfi'nne 
jieHTbi, He nweiomne noKpbiTun Ha KpoMKax, 
BnjiOTHyio, we>KHy humh boshmkhbt 
aneKipuMecKan cBnab, Ecnn Me>Kriy 
CBepxriDOBOflFimnMn neHTawM, yno)«eHHbiMH 
BnnoTHyio flpyr k flpyry oflHUM cnoeM, Hweercn 
3reKTpon3onHi4MOHHbiPi cnoCi, Torfla 
npeflnoMTWTe/ibHO pacnono)KMTb M3onfmnoHHyio 
jieHTV, KaK noKaaaHo na 4)iir7. Ha 4)Mr.7 
Ka>Kflafl H30nsii4noHHaH neHra 70 pacnonaraercfi 
Me)KAy ooceflHUMn OBepxnpoeoAatHMMH 
nenraMn 71 n 71'. M3onHL(MOHHafl nenra 70 
HaMoraHa no cnnpanM Bflonb caepxnpoBOflfl^nx 
neHT 71 n 71', HTo6bi noKpbiTb oany ochobhvio 
noBepxHOCTb 71a cBepxnpoBOflfli^ePI neHTbi 71, 
a raiOKe Oflny oonoBHyio noeepxHocTb 7"b 
CBepxnpoBOflflLueii nsHTbi 71', HHbiwn cnoBaMU, 
n30nflL(nonHaq nenra 70 noKpbiBaer ochobh/k) 
noBepxHOCTb 71a cBepxnpoBOflsu^eCi jieHibi 71, 
KOTopasi HaxoflnTCfi 6nn>Ke k cepAeMHMKy, m 
ocHOBHyio noaepxHocTb flpyroR 

CBepxnpoBOflflmet^ neHTbi 71', Koropafi 
pacnono>KeHa HanporuB cepfleMHUKa b napax 
npoTMBonono)KHbix ocHOBHbix noBepxHocrei^ 
(noBepxHOcTM 71a m 71b neHTU 71 v\ 
noBepxHOCTM 71'a m 71 'b jieHTbi 71') 
cooTBercTBeHHo jibht 71 i/i 71'. 3a c4eT Jam^ 
KOMnoHOBKM OAHa M3 oBepxnpoBOflninMX nSHT 
no;iHOCTbio n3onMDOBaHa ot flpyroM, pemaH 
raxnM oBpaaoM ynoMflHyiyio sbiiue npoO/iewy 
KpoMowHbix MaoTefl. KpoMe roro, mo)kho laioKe 
naonnpoBaT-b cnoM flpyr or APya nyrew HawoTKM 
kiaojioL^i/iOHHOi^ neHTbi npMBSAeHHbiM Bbime 
cnoco6oM. 

HaonjmMOHHbiiii cnoR moxbt 6uTb BbinojiHeH 
va M30JiRL(MOHHoro MareptiaJia, HanpkiMep, 
KanroHa (kapton Maiepi/ian Ha ocHose 
nojinaMMAa), nojinnponnneHOBofi cnoncToK 
eywarn (PPLP), nonTSTunena (PE) iinii 
Kpacf)TOBoa CyMarM, npn stom naojini^noHHUiS 
Maiepnaji npeflno^TnrejibHo He floji>KeH 
oCjiaflaTb laicMMM HeflpcTaiKaMM, KaK 
pacTpecKMBaHne a xmakom aaoie. 
HaojiHUMOHHbiii Maiepnan Ann oSpaaoBaHi/iH 
i/iaojiflL^noHHoro cnod ncno/ibayeTcq b BUfle 
eywam, jincra, njieHKH, rraHn nnn neHTbi. 
ripeflnoMTi/iTenbHafl ToninnHa n3on?mnoHHoro 
cnofl He flOJiKHU Sbiib 6onee 0,1 mm, >^To6bi 
oGecnewMTb KOWnaKTHOCTb npoaofla, C ApyroCi 

CTOpOHbl, H30nf1l4HOHHbl(i CnOpi, KOTOpbli^ 6bln 

panee cctJopMnpoBan Ha KasKfloCi 
cBepxnpoBOAflinePi nenie, coctout, nanpuwep, 
npefinoHTMTenbHO no cynecTBy, M3 aivianii. 

CornacHO AaHHOiwy naoSpeTeHnio mowho 
ncnonbsoBaib neHTOo6pa3Hbie MHoro>KMnbHbie 

npOBOnOKH C KpyneHblMH (TBUCTkipOBaHHblMW) 

wnnawM. Ha c^nr.B M306pa>KeHa raKan 
csepxnpoBOAnii^ayi npoeonoKa, Ha stoPi cpurype 
)Knnbi 2, oOpasyiomne cBepxnpoBOABinyio 
MHoro)KnnbHyio npoBonoKy 1 cKpy*^eHbi, 
Hanpuwep, c aaflaHHbiM maroM L. 3a cmbt raKcro 
cKpym/iBaHUfl Kwi 2 nHAyKi^i^oHHbiM tok, 
npoxoA^LHnCi Me)Kfly CTaCunnsnpyioinnM 
MeiannoM 3 n Kunawn 2 pasAenflercH b ifa>KAOM 
mare aaw^nBannfl L Ha waneHbKne nernn, n, 

orpaHMMeHa. TaKnw oepa30M, noAaen^eTcsq 
BbiAeneHne lenna fl)KoynH b CTa6nnn3wpyiomeM 
Meianne 3 n cHM>KaioTCn noiepn na 



nepeMSHHOw toks no cpaBHeHnio co 
csepxnpoBOAfiineCi npoBonoKoPi, >Knnbi Koropoii 
He cKpyneHbi. Mowho naroTOBurb MHorownnbHyio 
npoBonoKy oo CKpyMeHHUMH KunaMn 
cneayioLAUM o6pa30M, CnaMana HSKOTopoe 
MMcno OAHO>KnnbHbix npoEonoK, Kmh\ KOTOpux 
BbinonneHbi us oKcuAHOro CBepxnpaeoAHUKa, 
aamioMaioTCFi a MeTannnMecKyio rpySKy, m ary 
MerannnMecKyK) rpySKy BbirarnBaioT b 
npoBonoKy. SareM ary npoaonoKy cKpyni^BaioT b 
oocTOflHMM KpyrnoPi npoBonoKn, htoOu 
ccfiopMnpoBaTb BUTbie )Knnbi. riocne aroro, 
npononoKy BHOBb BbiTfl.-naaiOT, a 3aTeM 
npoKaibiBaioT n TepMOo5pa6aTbiBaioT. 3a cMer 
TaicMX onepai4nC^ fluaiMerp n ToniLinHa wiv\n 
n3MeHaiOTcn bo Bpewa BonoMeHna, npoKarKu n 
T.n. npuMBM MX BMTaH cfjopMa coxpaHHercfl. ripn 
KpyqeHMM, BojioMeHMM M npoKatKe luar 
aaKpyHMBaHi/iH npeAnoHTHrenbHo 
ycTaHaanMBaercB Ha ypoBHe, npeBbiiuaiomeM 
6onee msm b rwib pas, a npeflnoMTureribHo, b 
flecHTb pa3, fluaMeip cKpyHneaeMoPi npoacnoKM, 
TaK 4T0 npoBonoKa He pasAennercq. 

CBepxnpoBOflsimnPi Ka6enbHbiR npoBOfl 
comacHO AaHHOwy n306peTeHMio oCnaAaer 
TaKOt^ rM6Koorbio, Koropaa npaKruwecKn He 
yxyAiiiaerea Aa)Ke Koraa era narMGaioT c 
AMaMsipoM H3ri/i6a flo 1 ,5 m, npeflnoMTMTenbHO 
2,6 M, 3tot npoBOA mohcct HaMaTbieaTbcn na 
6apa6aH A^in xpaHeHMB n TpaHcnopTupoBKM. 

CornacHo AaHHOwy M3o6peTeHMio mo>kho 
nonyMMTb AnnHHhiR okci/iahwR 

cBepxnpoBOAfliMMR KaSejibHbiC^ npoBOA, 
o6naflaiomM« hq TonbKO rM6KocTbio, ho m 

OTJIMMHOR CBepXnpOBOflMMOCTblO. B ASHHOM 
M306peTeHl1M BMXpeBOM tok MJlkl TOK 

cxieAitHeHMR, nepeAaBaeMbii^ i/iextny m 
npoxoflflini/iiS Hepea CBepxnpoBoflRLi^Me jieHTU, 
noAaanneTCR naonfmnoHHbiM cnoew, 
npeAycMOTpeHHbiM AaHHbiM i/i3oepeTeNMeM. 
Bjiaroflapa aioMy naonfliinoHHOMy cnoio uoimo 
CHMsiiTb noTepM Kunbi Ha nepeMeHHOM tokb no 
MeHbiueH Mepe na nopsiflOK. CornacHO AaHHOwy 
M3o6peTeHmo npeAnaraercfl APyroH npoBOA An« 
npaKTMwecKora np^MeneHMR b 
CBepxnpoBOflsimeM KaSejie Anfl nepeweHHoro 

TOKa. 

Huxe cneflyer noflpo6Hoe onuoaHne 
AaHHoro M3o5peTeHH3. 

HccnefloeaHMfl Hanpa)KeHMfl nsruSa b 
CBepxnpoBOA^meti nenre, HaworaHHoPi na 
KapKac. 

OKCuAbi Mnn KapbOHaTbi nepeweLUHBanncb 
npn cneflytomew cooTHOiueHnn Bi, Pb, Sr, Ca n 
Cu B cocraee: 1,84:0,36:1,99:2,18:3,00. 3tot 
CMeiuaHHbiM nopoLUOK noABepranw 

TepMoo6pa6oTKe pp nonyMeHuiH nopoiuKa, 
coflep>KaLAero 85% cfjasbi 2212 n 15% cpaabi 
2223 KaK CBepxnpoBOflfimne cfcaabi, b to xte 
spewq coxpannq b ochobhom (Ca iSr)2Pb04 n 
Ca 2CUO3 B KaMecTBe HecsepxnpoBOARini^x (Jjaa. 
06pa6oTaHHbifi tbkum oSpasow nopomoK 
3arpy)KanM b cepeSpfiHyio rpyOKy c aneiUHMM 
AMaMerpoM 12 mm ki BHyrpenHMM A^sMerpoM 9 
MM, 3Ty cepe5pHHyK3 Tpy6Ky BbirsirMHajiM flo 
fluaMeipa 1,3 mm. OnpeflaneHHoe Mucno >KMn, 
nojiyneHHbix raKkiM oSpaaou, noMeu^ann b 
cepeSpHHyio Tpy6Ky aaflaHHora paaiwepa, sry 
cepe6pRHyK) Tpy6Ky BbiTwrnsann ao fluaMerpa 
1,0 MM. nojiyweHHyro npoaonoKy noABeprann 
TepMOo6pa6oTKe npn 845°C a TeMSHne 55 m, 
noone Mero npoKaTbiaann npn BbiTame na 15% 
rionyHeHHyio neHTOHHyio npaaonony noflseprann 
TepMOo6pa6oTKe npn 838°C a TeneHi^e 46 m, C 
noMOiUbio ynoMSHyroro cnocoSa 6bino 
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nojiyMSHo tuecTb BUfloB neHTOogpasHoii 
CBepxnpoBOflflLueK npoeonoKH, noKaaaHHbix b 
raSji.l. KpMTMMecKne njioTHocTi^ roKa (Jc) stmx 

JieHTOWHblX npOBQJlOIC HSMepSIJlH B KHflKOM 

asoTS, Korfla nei-iTOMHbie npoBorioKH Maxoflnniicb 
B npHMonMHefiHOM C0CTOS1HHM n Korfla OHH 6binn 
M3orHyTbi c saflaHHbiMM fluaMerpaMH H3rn6a 3 
Ta6ji.2 noKasaHbi sennMUHbi KpnTHMecKMX 
nnoTHOcTeM toks Jc, Koropbie 6binM nswepeHbi 
AHfl nfiTM Hanp^MceHnii nsruda. KaK enflHO m3 
Ta6ji. 1 M 2, cHuxeHt^B KpnTunecKoti n/ioTHOcTn 
TOKa Jc npoBOjioKn, K KoropoCi 6biro npMno>Kei-io 
HanpqxeHne H3rn6a, yweHbiiiaercH c 
VMeHbiiieHneM npoLj,eHra TonLL(MHbi 

cBepxnpoBOflHWKa or TOjiinnHbi npoBonoKn 3tot 
npoL(eHT npeflnoMTHTejibHO cocraBnfieT He 
eojiee 10% C flpyroi^ ciopoHbi, Ka)Kaafl 
npoBonoKa npeflnoMTurenbHO coflep>KHT no 
MeHbiueM Mepe 37 wnjn. B CBepxnpoB0A5iLL(eM 
npoBonoKe, coflepjKamei^ no weHbtiiePi Mepe 61 
>KHJiy, KpnTHMecKafi nnoTHocrb tokb Jc hs 
yMSHbiuaeTCH cyinecTBewHo npn warnSe Ha 0,5% 

FlCHO, HTO MO>KHO Ha npaKTMKe Bblflep)KHBaTb 

narnO MHoroxcujibHoii cBepxnpoBOflflineCi 
npoBonoKH, nonyqeHHOti comacHO ynoMJiHyroMy 
BULUe cnoco6y, np^i HanpjixeHnn narn6a He 
6o;iee 0,5% npsAnoMrHrenbHo He 6onee 0,3% 

MaweHeHne norepb Ha nepeMeHHOM roKe. 

Bi203, PbO, SrCOs, CaCOg m CuO 
nepeMeaiMsa/in, MTo6bi no/iynnTb cocras c 
ooflepwaHMBM Bi, PD, Sr, Ca m Cu b 
DOoTHOLueHMfix 1 ,81 ;0,40:1 ,98:2,21 ;3,03. 
riepeMeiiiaHHbia nopoiuoK noflBeprajin 
repMooepaOoTKe HeoKOJibKo paa c flpoBneHMeM 
nocne KawoH onepai^n/i TepMoo6pa6oTKM. 
nopoQjoK, nojiy^eHHbiiS nocne repMooBpaBoTKH 
]/\ ppo6nemn, eiue pas ii3MejibManM b luapoBoC^ 
MejibHkme, wraBbi nonyHMTb nopoujOK Ha 
cySMMnpoHHOM ypoBHe. 3tot nopomoK 
noflBeprann TepMOo6pa6oTKe npn 80Q°C b 
TSMeHMe Z w M aarpyjKaiiM b cepeSpflHyio TpySity 

C BHeliJHMM flUaMeipOM 12 mm I/I SHyTpeHHlIM 

fli^aMerpoM 9 mm. 

Cepe6p?iHyK) rpyCKy o nopoiuKOM 
BbiTflrnBanM n paapeasinM na HecKonbKO 
npoBonoK, KOTopbie aarew noMemanncb b 
npyryio cepeepsHyio rpySKy c BHeiUHUM 
AnaMerpoM 12 mm n BHyrpeHHuw fluawerpoM 9 

MM, MTOSbl HSrOTOBHTb MHOrOKaHajlhHyK) 

npoBonoKy, coflepxcaiiiyho 61 >Kwny. 3Ty 
MHoroKaHajibHyio npoBonoKy ei^e pas 
noflBeprann BOJic^eHUKi, npoKaibiBajin flo 
mnpuHbi 3,0 MM M TOjiinnHbi 0,22 MM, a sareM 
noflBeprann TepMoo6pa6oTKe, Hocjie aroro 
npoBonoKy npoKaTbisa/iM no roni^nHbi 0,20 mm m 
BHOBb TepMoo6pa6aTbiBann, nonynan tskum 
o6pa30M noKpbiTyKi cepeSpoM 

caepxnpoBOfljiLnyK) npoeojioKy na okmcm 
BMCMyra, coflepwainyw 61 xmy. 

SarsM cTajibHyio nenry roJ^L^HMo^^i 0,33 mm h 
LunpuHOM 10 MM HaMaTbiBajiM HO cnnpann Ann 
nojiyHeHUfl Kapraca c Hapy>KHbiM fluaweTpoM R 

19 MM LuaroM KpytKH L 4 MM n saaopoM D 2 mm, 
KaK noicasaHO wa 4)Mr.9. 

rionyMeHHbie onucaHHUM Bbiiue cnoco6oM 

20 reHT006pa3HblX MHOrOJKHJlbHblX 

CBepxnpoBOflflLui^x npoeojioK HawaTbiBajin no 
cnnpajiM Ha KapKac anjiOTHyio flpyr npyry npn 
luare aaKpy-iMBaHUH 250 mm. Ha c^jnr, 10(a) 
noKasaH BUfl b oeMeHMH nojiyneHHoro 
oflHocjiokiHoro npoBOAa. Ha stoR 4)nrype 
cBepxnpoBOflflLni^e MHoroxi^nbHue npoBojioKn 
11 HaMOTaHbi Ha KapKac 10 annoTHyK) flpyr k 
flpyry. rionyHeHHbii^ oflHocnoCiHbii^ npoBOfl HMen 

BenMHMHy KpMTM4ecK0rO TOKS (Ic) 550 A. 



riocjie 3Toro 22 CBepxnpoBoAflii^i^x 
viHoroKunbHbix npoBonoKH HaMaTbiBann no 
cnMDa.iM Ha oflHocnoCiHbiPi npoBOfl annoTHyio 
APyr K ppyr^' npn mare aaKpyMnaaHMP 250 mm, b 
HanpasneHt^n, npoTHBonojiojKHOM HanpaaneHMio 
HavoTKM nepaoro cjioa. Ha cfDnr. 10(b) 
M3c5pa>KBH BHA B ceqeHUM nojiyMSHHoro 
AByxcnofiHoro npoBOfla. CeepxnpoBOfljiLiine 
MHoroxcunbHbie npoBOJioKn 11' HaMaxbiBajincb 
flanee na ceepxnpoaoAflii^He npoeonoKU 11, 
HaMOTaHHbie na KapKac 10. KpnTHMecKUM tok Ic 
nonynsHHoro flByxcnoClHoro npoBOAa cooTaBJinn 
850 A. 

B 3T0M npoBofle BejiMMMHa noTspb Ha 
nepeMeHHOM tokb nsMep^nacb b cocTonHHM 
OAHOcjioi^Horo npoBOfla, coAepwaiLiero 20 xnn, 
n AByxcnofiHoro npoBofla, coAep>KaQ4ero 42 
)Kmbi. Ha 4)nr.11 naoGpaKenbi aaBMCHMOCTM 
MS>KAy BennHMHaMU noTepb na nepsMeHHOM 
TOKe Ha OAHy >Knry n toomh Bo36y)«fleHHR atir 
coorBeTCTsyioLUMX cjiynaeB. Ha stoOi xe cjjurype 
TaiOKe noKaaana aasncMMocTb Me)KHy norep^MH 
Ha nepeMeHHOM tokb h tokom B036y>KfleHMfl e 
Kawaofi >KMJie, HMsiomeR KpnTMMeoKHfi tok Ic 
sennMUHof^ 20 A, Koropbifl naMepsuiM nepeA 
MaroTOBJieHneM npoeofla. Ha cJjMr.ll nepnue 
Kpy>KC3HKH, 6e;ibie Kpy>KOMKM m wepnbie 
TpeyronbHMKM cooTBercTBeHHO noKasbisaioT 
M3MBpeHHbie BenuMMHbi flnfi Kawfloft jKHjibi, 
OAHocnoRHoro n flByxcnoRHoro npoBOfla. KaK 
M3o6paxeH0 Ha 0Mr.11, oflHocnoMHbiH npoBOfl 
nposiB^fa xapaKTepvicTMKn nepeweHHoro toks, 
npaKTiwecKi/i MfleHTHMHbie stum >Ke 
xapaKrepucTMKaM HecoSpaHHoR >KMnbi. B 
flByxcnoWHOM npoBofle, c oflHoi* CTopoHw, 
norepM Ha nepeMeHHOM roKe na OAMy )KMjiy 
Boapacrajin no cpaBHeHMio c noTepnwM b 
oTflejibHoR >Ki/ine. 3ti/im aKcnepMweHTOM 6bijio 
flOKasano, hto oahocjioC^huR npoBOfl HMeer 
MeHbLue norepn na nepeMeHHOM tokb, hbm 
MHorocnoRHbiH. ripeflnojiaranocb, hto 3to 
o6-bncHneTCfl o6pa30BaHkieM BMxpeBoro Toxa 
roKa cnep,v[HBum. nepeAaaaeMoro i/i 
npoxoflninero Mspea onoM, Mero hst b 
OAHocnoRHOM npoBOfle. flnji npoBspKH stoVi 
rHnoresbi BbuiM naroTOBneHbi csepxnpoBOAHUKH, 
CHa6)KeHHbie nao/iBUMOHHbiM MaTepnanoM 
Me>KAy cjioflMM flns orceHKH 
sjieiaponpoBOflMMOcrn. HTo6bi tskum o6pa30M 
CHM3HTb noTepn Ha nepeweHHOM roKe b 
MHorocnoiSHUx npoBOAax. 

ripuMep 1 

20 MHorojKunbHbix nposojioK, nonyMeHHbix 
onMcaHHbiM BbiLue cnocoSoM, HaMaTbiBajin na 
KapKac M3 cnnpanbHoii rpyOKn c napywHbiM 

AMaweTpOM 19 MM M TOniHHHOM 0,3 MM C 

aaaopoM 2 mm npn luare 4 mm, ok n3oepa)KeHo 
Ha 4)Mr.1, BHJioTHyio flpyr k APyry. 3tu 
npoBonoKM HaMaTbiBann c luaroM 25C mm. 
3aTeM H3onsi4HOHHbiti MarepMan, 
M3roTOBJieHHbii'i H3 feyMapM PPLP ToniUMHoCi 140 

MMKPCH M HJUpHHOi^ 30 MM CnHpaTlbHO 

MaMaibiBann na MHoro>KbijibHbie npoBOjioKH b 
OAMH cnoti c maroM 40 mm h aaaopoM 0,5 mm. 
riocne sToro 22 xcnnu, nAeHTUHHbix onncaHHbiM 
BbiLUe, cnnpanbHO HaMatbiBaJin cBepxy o maroM 
250 MM B HanpasneHnn, nparnBononoxHOM 
HanpaBfieHnto HaMorKU nepBbix npoBOjnoK, 

Ha cfjur. 12 m 13 M3o6pa)KeH nonyMennbiti 
npoBOA- B nojiywBHHOM AByxanoPinoM npoBOAe 
npoBonoKH 11 HaMoraHbi na Kapsac 10 
annoTHyio APyr k APyry o6pa30BaHMfl 
nepBoro cnoJi, KaK noKasaHo na 4>^fA2 n 13. 
MaojiHUHOHHbiii cjioii 20 H3 Oywafu PPLP 
n Ha cB6pxnpoBOAnii<Mx MHoroxunbHbix 
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npoBojioKax 11, b to epewfi ksk 
cBepxnpoBOflflLi^Me wHoro>KnnbHbie npoBonoKn 
11' HaMOTSHbi Ha HMX pdflOM APVT o flpyroM, 
MTo6bi oBpasoBaib BTopoM cnof\. nonyMeHHbii^ 
TaKUM cnoco6oM npoBOfl nivien KpnTHHecKuCi tok 
Ic 850 A. B 3TOM npoBofle norepn Ha 
nepeMGHHOM tokb 6bmn cHHweHbi 
npn6nn3nTenbHo na nopnflOK no cpasHeHnio c 
flByxcnotiHbiM npoBOflOM, MsroroBJieHHyM 5e3 
naojinunoHHoro cnoR, C tomkh apeHMF noTepb Ha 
nepeweHHOM tokb hb oAwy xmy, norepn b 
npoBOfle flooTurann yposnn norepb OTflenbHofi 
Heco6paHHOM khjiu BnaroflapH oni^caHHOMy 
BNUje aKcnepuMBHTy 6uno ppKszaHo, mto 
Ha;inHne naorwLinoHHoro cjiof Me>i<;fly cnoaMM 
MHorocnoCiHoro npoeoAa BnaronpuflTHo 
fleCicTByeT Ha CHn>KeHMe norepb na nepen/ieHHow 

XoTn npnaeAeHHhiS Bhiiue npwwep onwcan co 
ccbiJiKOH Ha flsyxcnoiiHbiM npoaofl, bo3mo)kho 
nojiyMBHue 3ct)ct)eicTa or ncnojibaoBaHun 
n3on;iL(noHHoro cnon ratoxe co 

CBepxnpOBOflfllHHMl^ MHOrOXHJlbHblMM 

npoBonoKaMki, HajioKeHHbiun Apy Ha Apyra b 
Tpv\ Mfiki 6onee cnoee. HanpidMep, kbk noKaaaHo 
Ha 4)Mr.14, Mo>KHO nojiyMMTb KOMnaKTHbiR 
npoBOA c noHM>KeHHbiMki norepRMi^ na 
nepeMeHHOM tokb m nepeflSHeH civibHoro TOKa 
nyreiM nocjieflOBaTejibHoW yicnaflKM nepsoro 
cnofl CBepxnpoBOflfloiMX MHoroxcunbHbix 
npoBonoK 31 , MsonflUMOHHoro cjiosi 32, BToporo 
onofl CBepxnpoBOflHuiMx MHoroxunbHbix 
npoBonoK 33, naonnMHOHHoro enow 34, Tperbero 
onoji CBopxnpoBOflfliUMX MHoroKunbHbix 
npoBonoK 35, ii3onHL(MoHHoro cnon 36 n 
MeTBeproro cnon cBepxnpoBOflninnx 
MHoroxcunbHbix npoBonoK 37. 

B03M0)KH0 TaiOKe nOKpWTb nOBepXHOCTM 

CBepxnpoBOflflLUMX MHoroxunbHbix npoBonoK 
naonjmnoHHbiMM cnosiMn atih hsmotkm arm 
npoBonoK Ha icapKac. HanpuMep, 
oBepxnpoBOflHmafl MHorojKHJibHan npoBOJioKa 
41 noKpbira MaonsniiOHHbiM cnoeM 40, kbk 
noKasaHO na c{)Mr.15a. Moxcho HaMorarb 

HeKOTOpoe KOnHHeCTTBO TBKMX CBepXnpOHOflflLL(MX 

MHoro>KMJibHux HpoBojioK 41 Ha KapKao 56, KaK 
noKaaano Ha (J>nr.156. Xots raxoe 
KOHOTpyicTMBHoe BbinonHeHi/is TpeCyer MHoro 
BpeweHM Ann noKpbirun momu,^ey[ n oonbLunx 
pacxoAOB no cpaBHeHHK) c BapnanroM, npn 
KOTopoM M3onni4MOHHbiii Marepnan 
npoKnaflbiBaercfl MSJKny cjiosmh, b stom cnyMae 
nonyMaeTca Conee HaflewHan M3onBL(Hfl. 
npmep 2 

BisOs, PbO, SrCOs, CaCOj, n CuO 
nepeMeiuMBann, htoSu nonyMnib cocraB c 
coflepwaHnew BL Pb, Sr, Ca n Cu b 
cooTHOLueHunx 1 ,81 :0, 30:1 ,92:2,01 :3,03. 
RepeMeLLiaHHbiPi nopoLuoK noflBeprann 
TepMoo6pa5oTKe HecKonbKo pas c flpoeneHneM 
nocne Ka>Kaot^ onepaunH TepMOo6pa6oTKM. 
nopoiuoK, nonyMeHHbiR nocne TepMooGpaeaTKH 
M flpoSneHun eu^e paa nawejibMann b tuapoBoCi 
MejibHML(e, MTo6bi nojiyMMTb nopoujoK na 
cy6MMKpoHHOw ypoBHe. 3tot nopoiuoK 
noflBsprann TepMooBpaeoTKe npn 800°C b 
TBHeHne 2 M n sarpyjKann b cepe6psiHyio Tpy6Ky 
c BHeiiJHMM Ai^awerpoM 12 mm m BHyrpeHHMM 
flMaMerpoM 9 mm. Cepe6pBHyio TpySxy o 
nopoiuKOM BbiTBri/ieann n paapeaajin Ha 
HGCKojibKo npoBOJioK, KOTopbiB 3aTeM noMBiAann 
B Apyryio cepe6pflHyio Tpy6Ky c BHeiuHUM 
AnaMerpoM 1 2 vm m BHyrpeHHMM flMaMerpoM 9 
MM, 4To6bi noflroTOBHTb MHoro>Kn;ibHyK 
npoBonoKy, coAPpJtcainyio 61 xcuny. Sry 



MHoro)KiinbHyio npoBOJioicy eme pa3 noAseprajin 
BonoMeHHic, npoKaibiBann flo ninpHHbi 3,0 mm h 
TonLUMHbi 0,22 MM, a aaieM noflseprajin 
TepMOo6pa6oTKe. riocne aroro nposonoKy 
npoKarbisann ao ToniijuHbi 0,20 mm m BHOBb 
noflseprann TepMoo6pa6oTKe, nonyMas ibkum 
o6pa30M noKpuryto oepeCpoM 

cBepxnpoBoflHLuyio npoBOjioKy H3 okhcm 
BWCMyra, coflep>KamyK3 61 >Kwiy. 3ry npoeonoKy 
cneKajiki n paspesanM Ha oSpasLiu flnnnoPi 1 m. 
Ha KOTopbix nsMepflnn eennMUHy KpurnMecKoro 
nocTOjiHHoro Toxa. Buno noATBep>KAeHD, hto 
1 00 o6pa3LiOB nwejin CTaemibHuK Kpmmecm\!\ 

TOK Be/lMHMHOfi 23±1A. 

CjieAyioLAi/ie npoBOAa MaroraBjinBanui 
npoBonoK AnnHoR 1 m m nooneAOBann nx 
xapaicrepMCTiiKM na nepeweHHOM tokb. 
CBepxnpoBOAflLL|Me npoBonom, Ka>K;qa!i uis 
KOTopbix ooAeo>Kana 61 KHJiy, HaMaTbisarn no 
cnnpann Ha Kapxacbi m3 FRP finmoii 1 m i/i c 
BHeiijHMM fluaMSTpoM 19 MM BnjioTHyio Apyr < 
Apyry, 4To6bi nonynnTb abb anAa oAHOcnoaHbix 
npoBOAPB A M B. 3Tvt CBepxnpoBOAnu^kie 
npoBOjioKH HaMaTbiBanki c maroM 250 mm. B 
npoBOAe A 20 npoBOJioK nnoTHo oaenpariMCb 
BwecTe 6e3 M3o;wL|MOHHoro MaTepnana wejwy 
Hi/iMH. B npoBQAP B 17 csepxnpoBOAfliMMX 
npoBonoK oo6Mpann sMeare c npoKnaAKoR 
Mexw HUMi/i LUHypoo6pa3Horo na^JinTopa 
Ai^aMeTpoM 0,5 MM, KOTopbii^ nojiyMariM nyieM 
CKpy4MBaHMfl KpactTOBofl SyMarvi, HTo6bi oh Mor 
cnyxMTb KaK npoKnaAKa, m HauaTbisajiki no 
oniipajiM. 

B STMX npoBOflax i/iaMepflni/i noxepn na 
nepeMeHHOM Toxe a >kiiakom asoTe npui 
TeMnepaType okojio 77 K no weoTy 
B03ey)KAeHHfl, i/i xaxyiyio seni/iMUHy noTepn na 
nepeMeHHOM tokb onpeAenann kbk 
npoM3BeAeHne TOKa B036y)KBeHHH w 

KOMnOHSHTbl HanpUXSHMfl, HaXOflPIHePiCR B 4)336 

c tokom. Kaxflbie tok B035y>KAeHHfl M aenwuHy 
noTepb AeJiwnn na muctio MonoribsoBai-iHbix Km, 
HTo6bi pacoHHTaTb noTepn na nepBMeHHow Toxe 
flriB OTflenbHofS jKMnbi. Bbijio noflTBepjKfleHo, mto 
noTepn Ha nepeMBHHow TOKe b nposofle A 6h\m 
noHTM BABoe BbiLue noTepb e npoBOAS B npn 
TOM, MTO TOK npoxoAfliUHil no Ka)KAOi< XHjie, 6bir 
He Buiue 23 A. 3tot aKonepuMSHT noATBepfln.n 
acfxJieKTHBHOOTb sneKTpuMeoKoii hsojihhmm 
MHOrO>KHnbHblX CBSpXnpOBOflfllAUX npoBonoK, 

o6pa3yioii(nx oahh h tot >kb cnovt. Apyr ot apyra 
flnq CHuweHun noTepb Ha nepeivieHHOM toks, 
ripuMep 3 

flTiH naroTOBneHUH npoeoAa finfi nsyHBHua 
ero xapaKTepucTHK na nepeweHHOM toks 
ncnonb30Bann npoBonoKH flnnHoi^ 1 m, 
HflsHTHMHhie npoBonoKaw b npMMepe 2. 

MHOroKMfibHbie cBepxnpoBOAHinne 
npoBonoKn HawaTbiBann no onupann Ha MSflHbit^ 
rapKac AnMHoR 1 m c napywHbiM A'^awsTpoM 19 
MM pRflOM flpyr c ApyroM, HTo6bi nojiyMMTb 
OAHOcnoMHbiM npoBOfl C. 3tm npoBonoKM 
HaMaTbiBann c ujaroM 250 mm, 20 npoBOJioK 
co6/ipariii snnoTHyio Apyr k APyry 6e3 
npoKnaflKH Me>KAy humh M3on(mnoHHoro 
MaTspnana, FloTepn na nepeMeHHOM tokb flna 
3Toro npoBOAa C M3MepflnM B kmakom asore 
rioTepn Ha nepeMeHHOM TOKe na oflny xnny 
onpeAenflnn Taioxe, KaK b npuMepe 2, m 6blJio 
noflTBepjxneHo, hto noTepn b npoBofle C 6binn a 
2-5 paa Bbiiue noTepb a npoBOAs B npn TOKe 
B03ey>KAeHHfi B jKMJiax He Bbiiue 23 A. 3tmm 
3KcnepMMeHT0M 6bino noATBep)KneHO, mto 
norepi/i Ha nepeMeHHOM roKe b npoBOAe 
BospacraraT, ecnM era cepAeMHMK naroTOBneH us 



Meranjia m csepxnpoBOAfiLUMe npoBonoKH 

HaXOAflTCn B KOHTaKTe C HUM. 

ripuMep 4 

flnn H3roTOBneHM5i npoeofla fl,in nsyneHi^a 
era xapaKTepucTHK Ha nepeweHHOM TOKe 
McnonbaoBann npoeonoKn flnnHoi^ 1 m, 
MAeHTMMHbie npoBonoKaM b npmwepe 2. 

MHorajKunbHue CBepxnpoBOflsinne 
npoBDJiDKn HaMaTbiBajin hb a;iioMMHMeBbie 
cnnpanbHbie TpySKM, 4)opMa Koiopbix 
aHanornHHa ctiopMe, M3o6pa>KeHHDM Ha c()i/ir1, 
flnnHOM 1 M c HapyxHUM flMaMeipoM 28 mm, 
BnnoTHyio flpyr k APyry, HTo6bi nonyHHTb aea 
BMfla oflHoanoC^Hbix nooBOflOB D w E 
CBepxnpoBOfl;iLL|Me npoeonoKH HaMaibiBann c 
LuaraM 250 mm. 20 npoBonoK caGnpann Ha 
KajKfloPi cnkipanbHOii Tpy6i{e c npoKnaflKoCi 
Me)Kfly >KnnaMH KpacJjToeoM SyMaru ujupuHOM 1 

MM 1/1 TO/lU^MHOPl 0,1 MM. B RpOBOfle D MeflHyiO 

neHTy HaMaibiBann no cnnpann na 
anKDMUHnesyio Tpygky laKnw oCpaaow, mto 
MHoraxnnbHbie CEepxnpoooflflLune npoBonoKn 
HawaTbiBanncb no cnnpann b oahh cnoCi B 
flpyraw npoBOfle E weAHyio nenry HaiviaTbiBann 
no cnnpaAM na anioMnHneayio Tpy6<y, a aayew 
ABHTy Zu mirror (Ha ocHOBe noAM3C7epa) 
TOAu^HHoPi 0,1 MM HawaTbiBaAM no cnnpann 
CBepxy flAR aAQKrpuHecKot^ naonsLiMM. 
MHoro>KnnbHbie cBepxnpoBOflRinne npoBonoKM 
HawaTbiBann no cnnpaAn Ha sry n30A*iL(MOHHyio 
neHTy b qahh cnoK. 

flAR KEDKAoro npoBOfla D M E noiepn na 
nepeweHHOM Tone na oflny ymny npoBofla 

l/ISWepflAM B >KMflKOM 33016, H 5blA0 

noflTBepxyieHo, hto noTepM b npoBoae D b 5 -10 
paa npeBbiiuanii norepM a npoaofle E npn tokb 
He eonee 23 A. 3tmm SKcnepMMeHTOM Sbina 
AOKaasHa B03U0)KH0CTb cHmajt, noTepi^ na 
nepeMSHHOM TOKe nyrew pacnonojKeHUR 
M30AflL|MOHHort) MarepnaAa na noaepxHocTM 
cepfleHHMKa Ann cBopKn Ha neiui 

CBSpxnpOBOflflLUMX npoBQAOK, eCAU 3TQT 

cepflSMMMK BbinonHBH va weranna. 
HpuMep 5 

Bi203, PbO, SrCOs, CaCOs m CuO 
nepeMemnBaAM, HTo6bi nonyHMTb cocTas g 
coflep>KaHMeM Bi, Pb, Sr, Ca m Cu b 
cooTHOLjjeHMflx 1 ,81 :0 ,30:1 ,92:2,01 ;3, 03. 
riepeMeujaHHbiM nopoujOK noAeeprann 
TepMoo6pa5oTKe HecKonbKo paa c ApoCneHneM 
nocne Ka>KfloPi onepaL|nn TepMoo6pa6oTKH. 
riopoujOK, nanyHeHHbi;! nocne repMoo6pa6oTKn 
n flpoeneHWfl, eine pas nsMenbManM b liiapoBoCi 
MenbHULie HTo6bi nonyHnTb nopomoK Ha 
cyBMUKpoHHOM ypoBHe. 3tot nopoujOK 
noABeprann TepMooepaSoTKe npn 8D0°C b 
leMeHMB 2 M n sarpyKann b cepeBpRHyio rpySKy 
c BHeiuHMM flnawerpoM 12 mm n oHyrpeHHnM 
AnaMerpoM 9 mm. CepeSpRHyio ipySKy c 
nopoiUKOM BbiTornBann n paspeaann na 
HecKonbKO npOBonoK, noropbie aaieM 
noMemanncb b APyryto cepeepHHyw rpySKy c 
BHeiUHMM A^iaMerpoM 12 mm n BHyrpeHHUM 
Ai^aMerpoM 9 mm, HToGbi naroroBHTb 
MHoro}KMnbHyio npoBonoKy, coflepKaLAyio 61 
)Knny. 3ry MHorojKnnbHyKD npoaonoKy eme pas 
noABeprann BononeHnio, npoKarbiBann flo 
lijnpnHbi 3,0 MM n ToninnHbi 0,22 mm, a aareM 
noABeprani^ TepMOG6pa6oTKe, flocne 3Toro 
npoBonoKy npoKaibiBann flo roninnHbi 0,20 mm m 
BHOBh TepMooepaeaTbiaann, nonyMan laicMM 
o6pa30M noKpbiTyio cepe6poM 

CBepxnpoBOflninyKD npoBOJiony m3 okmcm 
BUCMyra, coflep)Kainyio 61 Kmy. Sty nposonoKy 
cneKann v\ paapeaann Ha 200 oSpaai^oa AnnHo« 



1 M, Ha KOTOpblX l/l3MepflJlM BeJll/IHUHy 

icpnTHHecKoro nocrosHHoro roKa. Bbino 
noflTsepji^qeHo, hto 200 o6pa3L(OB nMenn 
craSnnbHbii^ KpnTMHecKMii tok BennnnHoi^ 
23 t2A. 

ripoBonoKM flnnHofi 1 m ncnonbaosann aar 
nonyHeHMR npoBOAOB aar i/iccneAOBaHMR 
xapaKTepucTMK nepeweHHoro TOKa. 

MHorojKi/inbHbie cBepxnpoaoARLnne npoeonoKM, 
Ka)KAas M3 KOTopbix coflepxana 61 >Knny, 
HaiMaTuaann no cnnpann na Kapracbi n3 FRF 

flnMHOM 1 M M C BHelUHMM AMaMSTpOM 19 MM 

snnoTHyio flpyr k Apyry b Asa ono^. HioSbi 
nonynnTb naib bmaob ASyxcnoRHbix npaaoAOB F, 
G, H, I M J. 3th npoBOAOKM HaMBTbisanM c 
iLiaroM 500 mm. 

B nepBOM npoBOAe F Me>KAy coceAHMMH 

MH0rO)KMf1bHUMM CBepxnpOBOA^LAI^Mkl 

npoBOAOKaMM, coepaHHbiMM Ha KapKace a 

nepBOM M BTOpOM Cnoe, M3OAnL|MOHNOr0 

Maiepnana He Gbino, KpoMe Toro, He Sun 
nponoKBH MsoAnmiOHHbiil MaTepwaA m Me)KAy 

nepBbIM M BTOpbIM CAOnMM. 40 npOBOnOK 6blA0 



Bo BTOpOM npoBOAe G H30ASmHOHH0r0 

Marepi^ana He 6biAo ueiKAy npoBonoKaMM, 
oSpasyioLMMMM nepBUi^ ki BTopoC^ cuofi. Ho 
Me>KAy nepBbiM v\ btopwm caosm Suna 
HawoTSHa no cnnpanM gywara PPLP ujHpuHoR 
30 MM M ToniAHHoii 0,17 mm, "fl-oGbi HsonMpoaaTb 
3TM cnoM APyr ot APyra. 40 MHorD)KMAbHbix 
CBepxnpoBOAfliAMx nposonoK Gbino HaMOTano Ha 

KapKao B ABB CAOfl. 

B TpeTbeM npoBOAs H neHTu H3 Kaniona (na 
ocHOBe nonMMMHAa) ujmpmhoR 0,5 mm m 

TOAIAMHOC. 0,2 MM 6blAH npOAOKSHbl Me>Kfly 
MHOrO)KMAbHblMH CBepxnpOBOAflliiMMH OAOflMH 

KaK npoKAaAKu non cj^opMnpoBaHHH nepsoro m 
BToporo CAOR, Kpowe Toro, HaMOTaHnas no 
cnMpaAM AeHTa us KanroHa lunpnHot^ 30 mm n 
TOAiAMHoPi 0,2 MM 6bina pacnono)KeHa MR>KAy 

nepBbIM M BTOpolM CAOflMH 

B HeTBepTOM npoBOAe I AeHTa Zu mirror (na 

OCHOBS nQTMSCTepa) LUHpHHOfi 5 MM M TonmUHoii 

0,02 MM npoicnaAbisanacb Me)KAy cooeAHUMM 

MHOrOJKHAbHblMH npOBOADKaMkl B liepRDM l/inn 

BTopoM cnoe. Sra nenra Zumirror 
paonoAaraAacb Me>KAy coceflHi/iwn 

CBepxnpoBOAs^innMM npoBonoraMU, kbk 
noKa3aHO na cfMr.7, Hhumh cnoBaMU, neHTa 
Zumirror HaMaibiBanacb no cnnpann BAonb 
CBepxnpoBOAHiUMX neHT, HTo6bi noKpuTb 

BepXHIOK) HaCTb OAHOM 1/13 CMeJKHblX 

CBepxnpoBOAflLUMX nenr, b to >Ke BpeMR 
noKpbieaR huxhioic nacTb p,WoV\ 
cBepxnpoaoflRLneC^ neHTbi. CnefloaaTBAbHO, 
MO>KHo 6bino M30^^',poBaTb nepBbiti i/i STopoR 
onon APyr or Apyra 6e3 npoKAaAKH 

B nHTDM npoBOAe J MHorownnbHbie 
cBepxnpoBOflHLUMe npoBono^i^, npeflBapurenbHo 
noKpbiTbie 3MaAbio, coe^^panncb BMscTe, 
^p^1^^eM wemiy coceAHHMH ceepxnpoBOARu^HMH 
npoBonoKaMn a nepaow i/i BTopoM cnoax, 

CXJOTBOTCTBeHHO, RpOKTlaAblBanilCb JieHTbl H3 

KanTOHa mnpnHoCi 3 mm n toalahhoi)^ 0,02 mm, 
3tm H3onRL(MOHHbie nsHTbi 6biAH pacnonojKBHbi 
Me)Kay CBepxnpoBOAniilMMM npoaonoKawM 
anarorimHo npoBofly 1. 

rioTepM Ha nepsMeHHOM roKe MSMepaAHCb 
AAA KajKAoro m3 npoBOAOB b khakom asoTe 
npM TewnepaType npn6AM3MTeAbH0 77 K no 
MeTOfly B036y«fleHM5i. HoTepH na nepeMeHHOw 
TOKe onpeABAfiAH ksk npoMaaeAeHne TOKa 
B036y)i<BeHMq m Hanpsi>KeHMB, KOTopoe 6biA0 b 
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4)336 0 TOKOM. Kaxqyto Beni^miHy tokb 
B036y>i<qeHHfl /i noiepb flennnn Ha hmcho 

HCnOJlbSOBaHHblX WHn, MTOObl paCCMHTaTb 

noTspn Ha nepeMeHHOM too m pacMeia Ha 
oflHy wnny. flpn noflaMe tokb sennMUHoC^ 20 A 
Ha jKuny, npoBOfla F, G, H, I m 
npofleMOHCTpupoaann noiepn na nepewieHHOM 
TOKe B paawepe 7; 1; 0,7; 0,7 n 0,7 mBt/m, 
cooTBeTCTBeHHO. B oDJiaciqx ne BbiLue 25 A 
npoBOfla F M G npofleMOHCTpupoeajin, 
cooTBeTCTBeHHo, MaKcuMajibHbie M cneflyicinne 
3a MaKCMMajibHbiMn noTepi/i. C APyroi^ OTopoHbi, 
B npoBOflax H, I i/i J noiepn na nepeMeHHoiui 
TOKe ocianncb npaicrnMecKMM Ha oflHOM n tom 
we ypoBHe bo bcsx o5nacrT(ix, CBUflexenbCTBysi o 
CHUxeHMn noTspb Ha nepeweHHOM TOKe. TaKUM 
o6pa30M, 6bina noflTBepxvieHa 34)4)eKTMBHocTb 
aneKTpuMecKoCi nsonjmnii >Knn flpyr ot flpyra 
we)Kfly cnoBMn i/i b cawoM cjioe, roBopq T04Hee, 
CTpyKiypbi npoBOflOB H, I m J oKaaanncb 
HanBonee 3tt)ct)aKrMBHbiMn. 

Xo™ flSHHoe n3o6peTeHne 6bino fleianbHo 
onucaHo v\ npowinmcTpupoBaHo, cneflyer 
noHnwaib, MTo 3to cflenaHo ncicnioMHTenbHo b 
Ka^ecTBe MnniocTpauMM m nprnwepa n He ao/iwHo 
npuHUMaibcq kbk orpaHUMSHMe, rak Kax 
3aMbicen n oBiieM flSHHoro H3o6peTeHHfi 
orpaHUMeH lojibKO npunaraewoCi i^opMynotl 

M305peTeHMfl, 

ct)opM/na M3o6peTeHiin: 

1. CBepxnpoBOflsiL(MM KaSenbHbiEH npoBOA c 
ncno;ib30BaHnsM OKcuflHoro csepxnpoBOflHUKa, 
coflep)Kaaini^ m6KyK) noflnowKy An« MHO>KecTBa 
MHoroKMjibHbix oKonflHbix cBepxnpoBOAfimix 
npoBonoK, noKpbiTbix CTa6Mjiii3npyKimMM 
MaiepnanoM, oTromaioinnRc!! tsm, hto 
noAno>KKa BbinojiHena b BUflo KapKaca, 
ceepxnpoBOflflLUne npoBonoKH BhinanHenhi 
neHTOoSpasHbiMn n HaMoraHbi no cnnpann na 
KapKBc B HecKonbKo nocnefloaaTenbHO 
paGnono>KeHHbix. ccfjopMUpOBaHHbix M3 
MHo>KecTBa 3THX npoBOjioK cjioeB BnnoTHyic 
flpyr K apyry b Ka>KnoM H3 hux, npn gtom no 
MeHbiijeil Mepe Mejxay stumh necKonbKWMn 
cnoflMn pacnonoweH 3neKTpon3onRi^noHHbifi 
cnoi^, 

2. ripoBOfl no n 1, oinnMaioinuPjcfl leM, mo 
CBepxnpoBOflRnne npoeonoKH HaMOTanbi na 
KapKac npM HanpRwennw narnSa wenee 0,3% 

3. ripoBOfl no nn,1 n 2, oi nmatQii\mcs\ tbm, 
HTo 3nefrpaM30Jifl4HOHHbiR cnoR paononoKSH 
Me>Kfly MHOJKeOTBOM neHT006pa3Hbix 
CBepxnpoBOflflLUMX npoBOJioK no iweHbLueR wepe 
B ntcQoM M3 nocneflOBarenbHo pacnonoKBHHbix 
cnoeB. 

4. ripoBOfl no nn.1 3, OTnuMatoinni^csi tbm, 
4T0 KapKac BbinonneH M3 Mejanna. 

5. npoBOfl no nn.1 4, orm^Maramnticfl Tew, 
HTO Ka)KflbiPi 3neiapon3onfli;naHHbiti cnoti 
oepasoBaH nyiSM cnMpanbHOM nawioTKH 
iiaonsiL(noHHoE^ neHtbi a npoflonbHOM 
HanpaBJieHMH KapKaca. 

6. ripoBofl no n.o, ornnMaiomnMCH leu, mo 
Ka>KflbM 3jie(CTpon3onRi4MOHHbifi cnoii oSpaaosaH 
M3 M3onRi4iioHHOM neHTbi, npmew idaojiaMkioHHati 
nenia yno>KeHa Mej^ciy coceflHMMH 
noHTooSpasHbiMn cBepxnpoBOflflLUHMM 
npoBonoKBMki no MSHbujefi Mepe b nK>6oM m3 
HSKOToporo MMona cnoea m cnnpajibHO 
HaMOTana BAonb cooeflHUx cBBpxnpoBOflnmux 

npOBOnOK 0 BOSMOWHOCTbC nOKpblTb OCHOBHyK) 

noaepxHOCTb, oepai^eHHyio k KapKacy, oflHoi^ v\3 
coceflHMx csepxnpoBOflsimMX npoBonoK n oflny 
ocHOBHyio noBepxHOCTb ApyroC^ 

CBepxnpoBOflfiLueM nposonoKn, 



npoTMBonono>KHoCi ot KapKaca b napax 
npoTMBononoKHbix ochobhux noBepxHocreCi 
ix)0TBeTCTByioi4MX npoBonoK 

7. npoBOA no jiio60My H3 nn 1 4, 
oTnuHaiomnJicn leM, mo neHTooSpaaHbie 
MHoroxkinbHbie OKcuflHbie OBepxnpoBOAfliMne 

npOBOnOKM nOKpblTbl 3JieKTpOM30nRHMOHHblMM 

8. ripoBOfl no nio6oMV H3 nn,1 7, 
OTfikiHatoLUnficfl TeM, MTO KapKac BhinonHBH H3 
MeTajinHMecKoCi Tpy6m co cnnpanbHoti 
KanasKoCi njiki MeiannnMecKoti rocfipupoBaHHoa 
TpySKn. 

9. ripoBOA no n,8, OTnunaiomni^cfi ibm, mo 
cxjflep^KMT MeiannnMecKyio nenry, HaiuoraHHyio 
no cnkipa/iM na KapKac, M MsonfmHOHHyK) jieHiy, 
HaMOTaHHyw no cnnpajin Ha maAKyio 
noBspxHOCTb, o6pa30BaHHyio MeTajinnHecKoR 
JieHToCi, npMseM neHTOo6pa3Hbie MHorojKunbHbie 
cBBpxnpoBOAHLHne npoBonoKM cnnpanbHO 
HaMOTSHbi Ha H3o™L4MOHHyio nsHTy. 

10. ripoBOA no nKsCoMy ms nn.1 9, 
OTnUMatoiUMiHcn rew, mo b jieHToo6pa3Hbix 
npoBonoKax XM^bi cKpyHSHbi (TBHcrnpoBaHbi). 

1 1 . CBepxnpoBQAnLi^MCf KaSenbHbiCt npoBOA c 
MononbaoBaHMBM OKCHAHoro cBepxnpoBOAHUKa, 
C0Aep>KaiMtii4 rkiSKyio noAnoxicy ahr wiMO]KecTBa 
MHorojKMnbHbix OKOnAHbix CBepxnpoBOAnLmix 

npOBOnOK, nOKpblTblX CTa6MnM3MpyKimMM 

MaiepnanoM, OTnuHaioti^MHcH leM, mo 
noAnoxaa BbinonHena b bmab KapKaoa, 
CBepxnpoBOflJimMe npoeonoKH BbinonHSHbi 
neHTooepasHbiMM M HaMoraHbi no cnnpajin na 
Kapnac c HaTfljKeHMBM He 6onee 2 Knti/MM^ npM 
HanpfljKBHMM MsruSa mbhsb 0,3% b HsoKOjibKO 
nocnenoBaTeiibHO pacnono^eHHbix, 
atopMHpoeaHHbix na MHO>KecTBa 3Tkix npoBonOK 
cnoBB BnnoTHyio Apyr k Apyry b Ka>KBOM H3 hux 
npn 9T0M no MBHbujePi Mepe Me)KAy stumm 

HBCKOnbKMMH cnOflMH M Me>KAy 

neHToo5pa3HbiMH cBepxnpoaoflHLqi/iMn 
npoBonoKawi^ m rapKacoM pacnonoweH 
3neKTpon3onflUHOHHbi£'i cnoii. 

1?. ripoBOA no n,11, OTni/iMaioini^RoH tbm, 
MTO coAspxMT 3neiapon3onf)L|noHHbiR oroti 

Me>K4y MHOJKBCTBOM nBHT0O6pa3HNX 

cBepxnpoBOflRinnx npoBonoK no MeHbiuei^ wepe 
B nio60M H3 nocneAoeaienbHO pacnonoKSHHbix 

OnOBB. 

13. ripoBOfl no nrogoMy us nn, 11 n 12, 
OTrnmaioiiiMticfi lew, hto rajKAbiS^ 
3neKTpon3onRL(noHHbiM cnoM o6pa3DBaH nyrsM 
onupanbHoC^ naMOTKH H3onFiLinoHHOii neHibi b 
npoflonbHOM HanpaBjneHMH Kapraoa. 

14. ripoBOA no nil, oTnuHafoinMPicH tbm, 

MTO KaWBhm M30nHLtM0HHbFi^ CnoCl 06pa30BaH H3 

nscnpiLinoHHOi^ neHTW, npuMBW n3onfii4noHHafi 
nsHia yKnaflbiBasTcn MSJKay coceflHUMn 
neHTOoOpasHbiMH cBepxnpoBOflflinnMH 
npoBonOKawn no MBHbiiieii wepe b jikjCom us 
HSKOToporo Mi/icna cjiobb h cnnpanbHo 

HaWaTblBaBTCH BAOnb COCBAHHX 

CBepXnpOBOAfllHHX npOBOnOK C B03MO)KHOCTblO 

noKpuTb ocHOBHyio noBspxHocTb, oBpainsHHyio 
B KapKacy, oahoCi m3 cocbahhx 
cBepxnpoBOflHini/ix npoBonoK i/i oAHy ocHOBnyfo 
noBepxHocTb APyroti csepxnpoBOAHineR 
npoBonoKM, npoTMBonono)KHoii dt KapKaca a 
napax npoTMBonono>KHbix ochobhux 
noBepxHOcreCi cooTBercTByioLnnx npoaonoK, 

15. npoBOA no jiioeoMy M3 nn.11 14, 

OT/lMWamtHHPiCH tbm, hto MHO)KeCTBO 
JlBHTOOepaSHblX MHOrOKHnbHblX OKCMAHblX 

cBepxnpoBOARLAMX npoBonoK, npsABapmejibHO 

nOKpblTblX M30/1fmM0HHblMM CnOflMM, 



HaMBTbiBaeTcfi Ha KapKac, 

16. npoBOfl no jiio6oMy na nn,11 15, 
omMMaioinnPicfi tgm, mto KapKacoM HsnaeTCH 
MeTannnMecKafi rpyBKa oo cnMpanbHOM 
KaHaBKoiS Mnn MeTajijinHecKafl rocfapupoBaHHafl 
Tpy6Ka. 

17. DpoBCfl no n.16, ornnHaiou^HMcn tgm, 
MTO Gope0)Kv\j MeTannnMecKyio jieHry, 
HaMOTaHHyK) no cnMpann hb Kaprac, m 



n30JiHL(MOHnyK3 neHTy, HaMOTaHHyK) Ha poenyio 
noeepxHocTb, oepaaoBaHHyio MerannnHecKoi^ 
neHToB, npuH6M nsHTOoBpasHbie MHorownnbHbie 
OKGi^flHbie cBepxnpoBOflainne npoBOjioKH 
cnnpanbHO HaMOTSHbi na naonfli^noHHyw neHTy. 

18. npoBCA no nio6oMy m3 nn.11 17, 
ornnHaicinnt^Dn Tew, htc b /leHToaepaaHhix 
npoBOJioKax )Ki/;ibi cKpyneHbi. 



IS 



20 



3 
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Taexinqa 1 





Mucno 
3arpy>KeHHt>ix>Knji 


PasMep cepe6p. Tpy6KM 


To/iLi|iiHa CBepxnpoBOflH 

K 100% 

TOninHHa npoBOHKM 


Hapy>KH. 


BHyTpeH 


1 


169 


26 


19,5 


4,0 


2 


91 


19 


14,3 


5,4 


3 


51 


15,6 


11,7 


6.6 


4 


37 


12 


9,0 


8.6 


5 


19 


6.7 


6,5 


12 


6 


7 


5,2 


3,9 


20 



Ta6nML|a 2 





d 255 MM 


d 128 MM 


d 65 MM 


d 64 MM 


d 25 MM 




A 


B 


A 


B 


A 


B 


A 


B 


A 


B 


1 


0,1 


1,50 


0,2 


1,50 


0,3 


1,5D 


0,4 


1,50 


0,5 


1,50 








(100) 




(100) 




(100) 




(100) 




(100) 




2 


0,1 


1,70 


0,2 


1,70 


0,3 


1,79 


0,4 


1,79 


0,5 


1,79 


o 






(100) 




(100) 




(100) 




(100) 




(100) 




3 


0,1 


1,90 


0,2 


1,90 


0,3 


1,84 


0,4 


1,82 


0.5 


1,79 








(100) 




(100) 




(97) 




(96) 




(94) 


<c 


4 


C.I 


2,0 


0,2 


1,92 


0,3 


1,84 


0,4 


1,80 


0.5 


1,76 


o 






(100) 




(96) 




(92) 




(90) 




(68) 


00 


5 


0,1 


2,1 


0,2 


1,95 


0,3 


1,83 


0,4 


1.74 


0,5 


1,63 








(100) 




(93) 




(87) 




(83) 




(78) 


a> 


S 


0,1 


2,2 


0,2 


2,00 


0.3 


1,83 


0,4 


1,72 


0,5 


1,63 


a> 






(100) 




(93) 




(83) 




(78) 




(74) 


o 



A: HanpqxceHne w3rM6a (%) 
B: lc(y,10' A/m^) 

*L|nct)phi B cKo6Kax 03HaMaK3T npoueHT nnoTHocTM KpMTHHecKOro TOica Ic nocne MarnSa no 3 
cpasHeHHK) c leu )Ke napaweTpow flo n3rM6a. 
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